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REVISION  OF  THE  EPISTROPHE  FLIES  OF  AMERICA 
NORTH  OF  MEXICO  (DIPTERA,  SYRPHIDAE)* 

C.  L.  Fluke,  Jr. 

UNIVERSITY  OF  WISCONSIN,  MADISON,  WISCONSIN 

The  genus  Epistrophe  was  originally  erected  by  Walker  (Insecta 
Saundersiana,  Dipt.  Part  3,  242,  1852)  to  receive  liis  new  species 
conjugens  (=  grossulariae  Mg.).  In  1923,  Curran  (Can.  Ent.  55: 
59)  recognized  Stenosyrphus  Mat.  for  most  of  the  species  now 
placed  in  Epistrophe  but  a year  later  (Kans.  Univ.  Sci.  Bui.  15  : 94) 
recognized  Walker’s  genus.  As  a whole  the  genus  is  fairly  homo- 
geneous with  only  a few  species  that  might  be  confused  with 
Metasyrphus  or  Melanostoma.  It  is  characterized  as  follows: 

Epistrophe  Walker 

Lower  lobe  of  squamae  without  long  hairs  on  the  disc,  meta- 
sternum usually  bare,  abdomen  usually  slender,  the  side  mar- 
gins curving  under ; otherwise  much  like  Syrphus  and  Meta- 
syrphus. Type  of  genus  Syrphus  grossulariae  Mg. 

The  face  is  yellow,  with  or  without  a median  blackish  stripe, 
on  all  the  species  except  the  males  of  E.  insolitus  Osb.  and  nigri- 
facies  Cur. ; these  have  entirely  black  faces.  It  is  necessary,  in  these 
two  instances,  to  associate  the  females  with  the  males  in  order  to 

* Acknowledgment  is  made  to  Sigma  Xi  for  a research  grant 
which  made  it  possible  to  examine  most  of  the  types  which  exist 
in  North  America. 
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separate  them  from  Melanostoma,  a genus  in  which  the  faces  of  both 
sexes  are  entirely  black, 

Epistrophe  is  separated  from  Syrphus  by  the  absence  of  the 
hairs  on  the  disc  of  the  squamae,  and  from  Metasyrphns  by  the  curv- 
ing under  of  the  side  margins  of  the  abdomen  (see  Figs.  2 and  3). 
The  type  of  the  genus  (E.  grossulariae)  is  the  only  species  known 
from  North  America  North  of  Mexico  which  has  a hairy  meta- 
sternum (see  Fig.  1) . Some  of  the  forms  of  Metasyrphus,  especially 
those  belonging  to  the  emarginatus  group  have  bare  metasterna  so 
that  the  rolling  of  the  edges  is  the  only  visible  character  to  separate 
them. 

The  genus  Ischyrosyrphus  Bigot  is  recognized  as  only  a sub- 
genus of  Epistrophe,  and  I am  inclined  to  believe  that  even  this  is 
not  desirable.  E.  diversifasciatus  Knab,  which  is  retained  in  the 
genus  Epistrophe,  has  more  definite  characters,  particularly  in  the 
wings,  to  encourage  the  formation  of  a new  genus,  than  have 
either  of  the  two  species  of  Ischyrosyrphus  in  North  America. 

Most  of  the  types  and  important  collections  occurring  in  North 
America  have  been  examined.  The  genus  occurs  more  commonly 
in  the  far  West  and  I wish  to  thank  Mr.  J.  Wilcox,  Mr.  R.  Latta, 
and  Mr.  Chas.  Martin  for  numerous  specimens  from  Oregon,  Wash- 
ington, and  other  Western  States.  I wish  especially  to  thank  Dr. 
C.  H.  Curran  for  his  many  specimens  and  suggestions. 

Key  to  the  Species  of  Epistrophe 

1.  Abdominal  bands  separated  into  spots  or  no  spots  present 27 

At  least  one  of  the  principal  bands  entire  (if  eyes  hairy  see 

28)  2 

2.  Metasternum  hairy,  antennae  black  3 

Metasternum  bare 4 

3.  Abdominal  crossbands  yellow  or  reddish grossularia  Mg. 

Abdominal  crossbands  metallic grossulariae-melanis  Cur. 

4.  Antennae  entirely  yellow,  face  yellow,  ground  color  on  the  sides 

of  the  mesonotum  often  covered  with  yellow  pollen,  large 

species  (11  to  12  mm.) 5 

Antennae  at  least  black  on  the  upper  sides  of  the  third  seg- 
ment, frequently  entirely  black ; usually  smaller  species 10 

5.  Front  coxae  and  usually  the  third  coxae  yellow,  face  and 

cheeks  wholly  yellow  6 

All  the  coxae  blackish  or  darkened 7 

6.  Lower  third  of  front  of  female  yellow,  second  and  third  ab- 

dominal bands  nearly  straight  on  their  posterior  edges 
(male  unknown)  terminalis  Cur. 
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Front  of  female  not  yellow  except  immediately  above  the 
antennae,  second  and  third  abdominal  bands  notched  in  the 
middle  on  the  posterior  margin  xanthostoma  Will. 

7.  Pile  on  the  sides  of  the  face  black;  cheeks  black,  extending  as 

high  as  the  anterior  month  edge  imperialis  Cur. 

Pile  on  the  face  all  yellow  except  on  the  angles  near  the  anten- 
nae ; cheeks  less  extensively  black  8 

8.  Arista  blackish,  abdominal  bands  broader,  go  over  sides  in 

nearly  full  width  Metasyrphus  nitidicollis  Mg. 

Arista  reddish,  abdominal  bands  narrower,  partly  obscure  on 
the  sides  9 

9.  Femora  of  male  entirely  yellow,  scutellar  pile  of  female  yel- 

low   hunteri  Cur. 

Femora  of  male  black  at  the  base ; scutellar  pile  of  female 

black submar ginalis  Cur. 

10.  Face  entirety  black,  the  sides  usually  bronzed isolitus  Osb. 


Face  either  entirety  yellow  or  yellow  with  a black  stripe 11 

11.  Second  abdominal  tergite  without  any  yellow  markings,  thorax 

of  female  with  two  longitudinal  white  vittae. 

diversifasciatus  Knab 
Second  abdominal  tergite  with  a pair  of  yellow  spots 12 

12.  Face  yellow,  if  with  an  opalescent  stripe  the  first  segment  of 

abdomen  largely  yellow  13 

Face  with  a black  stripe,  first  abdominal  segment  black 15 


13.  Cheeks  and  oral  margin  shining  black,  face  with  a prominent 

tubercle,  scutellum  black  haired,  oval  species. 

imperialis  Cur. 

Cheeks  yellow  or  at  most  reddish,  tubercle  rounded,  slender 
nearly  parallel  sided  species 14 

14.  Scutellum  yellow  haired  cinctus  Fall. 

Scutellum  black  haired  cinctellus  Zett. 

15.  Antennae  black,  third  segment  may  occasionally  have  a brown- 

ish cast  lineola  Zett. 


Antennae  at  least  reddish  beneath  the  third  segment 16 

16.  Venter  yellow  without  distinct  black  markings 17 

Venter  with  distinct  black  markings  18 


17.  Cheeks  and  wide  facial  stripe  brightly  shining  black,  the  stripe 

reaching  practically  to  the  base  of  the  antennae  (female). 

insolitus  Osb. 

Cheeks  and  face  pollinose,  the  facial  stripe  narrower  and  not 
reaching  antennae  rectoides  Cur. 

18.  Ventral  abdominal  markings  obscure,  elongate  longitudinally, 


or  triangular  19 

Ventral  markings  distinctly  transverse,  black  and  yellow 25 
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19.  Males 20 

Females 22 

20.  Hind  femora  yellow  at  the  base  ( =melanderi  Cur.). 

conjunctus  Osb. 

Hind  femora  largely  black  or  brown,  at  least  at  the  base 21 

21.  Facial  stripe  narrow,  reaching  only  one-half  the  distance  be- 

tween tubercle  and  base  of  antennae ; ventral  markings 

obscure  rectoides  Cur. 

Facial  stripe  broad,  one-third  the  width  of  the  face  and  reach- 
ing almost  to  the  base  of  the  antennae;  ventral  markings 

triangular quinquelimbatus  Big. 

Hind  femora  black  at  the  base 23 

Hind  femora  yellow  at  the  base 24 

Second  and  third  abdominal  bands  broader,  interrupted  or 

subinterrupted  at  the  middle  currani  n.  sp. 

Abdominal  bands  narrower,  no  indication  of  interruption  at 
the  middle  quinquelinibatus  Big. 

Venter  unicolorous rectoides  Cur. 

Venter  with  longitudinal  vittae  con j act  us  Osb. 

Facial  stripe  one-third  the  width  of  the  face,  second  and  third 

abdominal  bands  sub  interrupted  semiinterruptus  n.  sp. 

Facial  stripe  much  narrower  than  one-third  the  width  of  the 
face,  abdominal  bands  not  subinterrupted,  although  possibly 
emarginate  26 

Abdominal  bands  of  male  do  not  reach  the  side ; of  female  the 
first  pair  of  spots  equal  to  and  usually  larger  than  second 
pair,  first  pair  separated  by  less  than  their  width,  larger 

species  (8  to  9 mm.)  jolinsoni  Cur. 

Abdominal  bands  of  male  reach  the  sides;  of  female  first  pair 
of  spots  usually  less  in  width  than  the  second  pair,  first  pair 
also  separated  by  more  than  their  width,  smaller  species  (7 
to  8 mm.)  genualis  Will. 

27.  Eyes  pilose ; sometimes  minutely  so  in  the  female 28 

Eyes  practically  bare;  a very  few  scattered  extremely  short 

hairs  may  be  noticed  in  some  species  40 

28.  Abdomen  almost  entirely  shining  black  29 

Abdomen  with  definite  yellow  markings 30 

29.  Pile  of  thorax  yellow,  abdomen  truncate  abruptus  Cur. 

Pile  of  thorax  black,  abdomen  not  truncate  (=  monackus  Hull) . 

nigropilosa  Cur. 

30.  Face  without  a black  stripe,  although  the  oral  margin  is 

black  31 

Face  with  a definite  black  stripe,  or  wholly  black 34 


22. 

23. 

24. 

25. 

26. 
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31.  First  pair  of  abdominal  spots  usually  do  not  attain  lateral 

margins;  four  front  tibiae  reddish 32 

The  first  pair  of  spots  usually  attain  the  lateral  margins,  apical 
one-third  of  the  four  front  tibiae  brown,  hind  femora  black 
except  the  apical  fifth  sodalis  Will. 

32.  Pile  of  thorax  almost  entirely  black,  abdominal  spots  of  male 

narrow  and  obscure  nigropilosa  Cur. 

Pile  of  thorax  mostly  pale,  abdominal  spots  plainly  evident  .33 

33.  Front  of  female  not  nearly  as  wide  at  antennae  as  length  from 

vertex  to  antennae,  metacoxal  hairs  of  both  sexes  yellow 

(= contumax  Will.)  tarsatus  Zett. 

Front  of  female  much  wider,  metacoxal  hairs  of  both  sexes 
black  mallochi  Cur. 

34.  Spots  on  the  second  abdominal  segment  very  small,  entirely 

absent  in  some  specimens ; facial  stripe  triangular,  cheeks  of 

female  yellow  (=  flavosignatus  Hull) columbiae  Cur. 

Spots  on  the  second  segment  larger  and  always  present,  face 
either  entirely  black  or  the  stripe  not  triangular  35 

35.  Second  and  third  pairs  of  spots  oval,  decidedly  convex  poste- 

riorly, or  connected  36 

Second  and  third  pairs  of  spots  with  their  sides  approximately 
parallel  38 

36.  Outer  ends  of  second  and  third  pairs  of  spots  farther  from 

the  bases  of  the  segments  than  is  the  median  front  margin, 

never  connected  in  the  middle  vittafacies  Cur. 

Outer  ends  of  spots  or  bands  attenuated  to  the  bases  of  the 
segments  37 

37.  Face  of  male  all  black,  or  nearly  so,  of  female  yellow  with  a 

broad  black  diffuse  stripe  which  occupies  about  one-third  the 
width  of  the  face,  front  femora  of  female  black  on  the  basal 

one-third  to  one-half  nigrifacies  Cur. 

Face  of  both  sexes  yellow  with  a narrower  black  stripe ; front 
femora  of  female  black  on  the  basal  one-fifth  to  one-fourth; 
spots  of  female  often  connected  in  the  middle. 

macularis  Zett. 

38.  Pile  of  the  metanotum  intermixed  with  black  and  tawny  hairs 

in  the  male;  facial  stripe  broad,  occupying  one-third  the 
width  of  the  face,  diffuse,  pile  black  in  both  sexes ; cheeks  of 

the  female  brownish  garretti  Cur. 

Pile  of  the  metanotum  not  intermixed,  either  black  or  obscurely 
reddish  brown  in  the  male;  facial  stripe  much  less  than 
one-third  the  width  of  the  face,  less  diffuse,  pile  in  female 

yellow ; cheeks  paler,  usually  reddish  yellow 39 
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39.  Smaller  species  (9  mm.)  principal  sternites  each  with  a pair  of 
basal  yellow  spots;  spots  on  the  third  tergite  occupy  about 
one-fourth  the  length  of  the  segment mentalis  Will. 


Larger  species  (10-11  mm.),  sternites  with  a basal  yellow  band, 
spots  on  third  tergite  about  one-third  the  length  of  segment. 

vittafacies  Cur. 

40.  Only  one  definite  pair  of  abdominal  spots  present,  abdomen 

constricted  at  the  base  of  the  fourth  tergite  41 

At  least  two  pairs  of  abdominal  spots  present,  abdomen  not 
so  constricted  43 

41.  Antennae  black;  face  with  a definite  black  stripe,  pile  black; 

front  scarcely  pruinose ; abdomen  exceedingly  slender,  spots 

on  second  tergite  obscure,  peculiarly  shaped gracilis  Coq. 

Antennae  black  with  at  least  the  third  segment  yellow  below, 
front  pollinose,  abdomen  broader  and  with  definite  oval  to 
elongate  spots  on  the  second  tergite 42 

42.  Spots  on  the  second  tergite  reach  the  side  margins. 

bimacitlata  Lov. 

Spots  on  the  second  tergite  do  not  reach  the  side  margins. 

mediaconstrictus  FI. 

43.  Face  with  a definite  median  black  stripe  connected  with  the 

oral  margin  or  almost  wholly  black 47 

Facial  stripe  absent,  if  narrowly  present  not  connected  with 
the  oral  margin  44 

44.  A pair  of  confluent  yellow  spots  before  the  scutellum,  side  mar- 

gins of  the  thorax  yellowish  guttata  Fall. 

Thorax  without  yellow  spots  before  the  scutellum,  side  mar- 
gins of  the  thorax  may  or  may  not  be  yellowish 45 

45.  Abdomen  slightly  oval,  the  spots  oval;  side  margins  of  thorax 

not  yellowish  subfasciatus  Cur. 

Abdomen  parallel-sided,  spots  triangular,  side  margins  of 
thorax  usually  yellowish  46 

46.  Pile  of  the  dorsum  of  the  thorax  entirely  yellowish  (=  oronoen- 

sis  Met.)  triangulifer  Zett. 

Pile  of  the  dorsum  of  the  thorax  black  along  the  sides,  or  all 
black  (obscurely  so  in  the  female) tenuis  Osb. 

47.  Face  all  black,  although  sometimes  bronzed  or  obscurely  yellow 

on  the  sides  48 

Face  distinctly  yellow  in  large  part  49 

48.  Halteres  brownish,  second  pair  of  spots  do  not  reach  the  side 

margins  arctica  Zett. 

Halteres  yellowish,  second  pair  of  spots  reach  the  side  mar- 
gins   genicidatus  Mq. 
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49.  Facial  stripe  triangular,  eyes  briefly  hairy,  first  pair  of  spots 

of  male  almost  obsolete,  western  species  columbiae  Cur. 

Facial  stripe  very  little  widened  near  the  upper  mouth  edge, 


eyes  practically  bare,  first  spots  of  male  definite 50 

50.  Males  51 

Females 58 


51.  First  pair  of  spots  normally  narrower  than  second  pair, 


usually  triangular 52 

First  pair  of  spots  normally  wider  than  second  pair 55 

52.  First  pair  of  spots  oval,  thorax  dullish  53 

First  pair  of  spots  decidedly  triangular,  thorax  semi-shining 
with  a dark  aeneous  cast 54 


53.  Facial  tubercle  very  little  prominent,  second  and  third  pairs 

of  spots  do  not  reach  the  sides compositarum  Ver. 

Facial  tubercle  prominent,  somewhat  pinched,  second  and  third 
pairs  of  spots  reach  the  sides  geniculatus  Maq. 

54.  Triangular  spots  on  second  segment  larger,  separated  by  about 

one  and  one-half  their  greatest  width  pullulus  Sn. 

These  spots  smaller,  separated  by  nearly  three  times  their 
greatest  width,  venter  pollinose  ( -remotus  Cur.). 

cherokeenensis  Jones 

55.  First  pair  of  spots  normally  reach  the  side  margins,  cheeks 

creamy,  thorax  brightly  shining  56 

First  pair  of  spots  never  reach  the  side  margins  57 

56.  Pile  of  face  all  yellowish  or  white,  first  pair  of  spots  nearly 

quadrate  fisherii  Walt. 

Pile  of  face  partly  black,  especially  along  the  eyes;  first  pair 
of  spots  oval,  inner  ends  rounded umb  elicit  arum  Sch. 

57.  Antennae  entirely  black,  a black  stripe  or  blue  area  from  the 

black  oral  margin  reaches  across  the  lower  face  to  the  eyes. 

albipunctatus  Cur. 

Third  segment  of  antennae  reddish  below,  sides  of  face  and 
checks  entirety  yellow,  without  a dark  area  on  the  jowls. 

diver sipunctatus  Cur. 

58.  First  pair  of  abdominal  spots  large,  quadrate,  separated  by  a 

very  narrow  line  and  touch  the  base  of  the  segment  by  their 

entire  length fisherii  Walt. 

First  pair  of  spots  oval  or  semi-oval,  inner  ends  rounded,  sepa- 
rated at  least  by  one-half  their  greatest  width  59 

59.  Facial  tubercle  prominent,  stripe  one-third  theVidtli  of  face ...60 
Facial  tubercle  very  little  prominent,  stripe  seldom  more  than 

one-fifth  as  wide  as  the  face  61 

60.  Halteres  brownish ; tubercle  of  face  extremely  prominent, 

rather  large,  first  pair  of  spots  separated  by  about  one  and 
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one-half  times  their  greatest  width,  species  of  about  8 mm.  in 

length arctica  Zett. 

Halteres  yellow;  tubercle  prominent  but  smaller  and  not  so 
produced,  first  pair  of  spots  separated  by  two  times  their 
greatest  width,  species  about  7 mm.  in  length. 

geniculatus  Macq. 

61.  Front  entirely  shining  black  midif rons  Cur. 

Front  with  a distinct  poll  i nose  band  62 

62.  First  pair  of  spots  normally  reach  the  sides  65 

First  pair  of  spots  normally  are  separated  from  the  sides  63 

63.  Thorax  shining  64 

Thorax  dull compositarum  Ver. 

64.  First  pair  of  spots  pruinose  on  the  sides,  pile  of  face  black. 

geniculatus  Mq. 

First  pair  of  spots  not  pruinose  on  the  sides,  pile  of  face  yel- 
low   umhellatarum  Sell. 

65.  First  pair  of  spots  touch  the  base  of  the  segment  near  the 

anterior  corners  umhellatarum  Sch. 

A distinct  space  between  these  spots  and  the  base  of  the  seg- 
ment   66 

66.  Pile  of  thorax  entirely  yellowish  67 

Pile  of  thorax  yellow  wdth  a few  (occasionally  only  3 or  4) 

black  hairs  just  above  the  wings 68 

67.  “ Arista  gradually  tapers,  no  constriction  at  the  base.” 

diversipunctatus  Cur. 
“Arista  narrower  at  the  base”  albipunctatus  Cur. 

68.  Ventral  black  markings  with  triangular  projections  in  front. 

cherokeenensis  Jon. 

Ventral  black  markings  without  triangular  black  projections. 

pullulus  Sn. 

1.  Epistrophe  grossulariae  (Mg.)  (Fig.  4) 

Syrphus  grossulariae  Meigen  1822,  Syst.  Besch.  3 : 306 ; 

Curran  1922,  Can.  Ent.  54:  96.  (var.  melanis.) 
Syrphus  lesuerii  0.  S.  1897,  Proc.  Bost.  Soc.  Nat.  Hist.  18 : 
143. 

Epistrophe  conjugens  Walker  1856,  Ins.  Saund.  (5),  242. 
A very  easily  recognized  species  by  its  large  size,  black  antennae, 
yellowr  haired  scutellum,  broad  abdominal  bands  which  reach  the 
sides,  black  venter,  and  the  hairy  metasternum.  It  is  the  only 
Epistrophe,  as  far  as  I know,  occurring  in  North  America  which 
has  hair  on  the  metasternum,  although  one  or  two  from  Europe 
possess  this  character.  Curran  has  described  a melanic  form  which 
is  met  with  quite  frequently.  It  is  found  generally  distributed  over 
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the  nearctic  region  and  is  known  over  many  of  the  European  and 
Asiatic  countries. 

2.  Epistrophe  xanthostoma  (Will.)  (Fig.  5) 

Syrphus  xanthostoma  Williston  1886,  Syrph.  N.  A.  86. 

A large  showy  and  shiny  species  with  broad  yellow  crossbands 
which  reach  the  side  margins  in  their  full  width  and  are  notched 
posteriorly  on  the  third  and  fourth  tergites;  venter  unicolor ous; 
eyes  bare ; antennae  reddish ; face  yellow ; cheeks  yellow ; scutellum 
yellow  pilose  except  the  apical  margin ; a rather  heavy  tuft  of  yel- 
low pile  just  above  the  front  coxae;  metasternum  bare,  although 
some  specimens  occasionally  have  one  or  two  hairs  present. 

This  species  is  readily  recognized  by  the  characters  given  above. 
Its  nearest  relative  is  grossulariae  but  the  color  of  the  antennae 
and  venter  will  readily  separate  them.  I have  met  with  this  species 
in  large  numbers  in  Wisconsin  and  have  reared  it  on  aphids  on 
golden  rod.  It  is  the  only  species  of  Syrphid  I know  of  in  which 
the  egg  is  spotted  with  black  markings,  giving  them  the  general 
appearance  of  leafhoppers  when  noticed  on  the  plants. 

It  occurs  throughout  the  Eastern  United  States  and  Canada 
and  I have  seen  a specimen  from  Waha,  Idaho  (Aldrich). 

3.  Epistrophe  terminalis  Cur.  (Fig.  6) 

Epistrophe  terminalis  Curran  1924,  Ivans.  IJniv.  Sci.  Bid. 

15:  98. 

An  easily  recognized  species  by  the  entirely  yellow  face,  cheeks, 
antennae,  lower  third  of  front,  and  legs ; produced  oral  angles ; shin- 
ing thorax;  and  yellow  pile  of  the  scutellum.  The  front  is  almost 
entirely  shining  and  the  upper  edge  of  the  yellow  marking  has  the 
shape  of  a shallow  inverted  Y,  with  only  very  narrow,  and  small 
side  dust  spots ; the  pile  of  the  thorax  is  all  yellowish.  Eyes  bare. 
Length  10  to  11  mm. 

The  abdominal  bands  are  broad  and  reach  the  side  margins  in 
their  entire  width,  the  first  separated  into  two  large  spots,  the  next 
two  gently  biconcave  in  front  and  biconvex  behind.  Male  unknown. 

Described  from  a single  female  from  Orono,  Maine ; 21st  of 
June,  1917,  and  contained  in  the  C.  L.  Metcalf  collection.  The 
type  is  at  Ottawa,  Can. 

This  species  is  readily  told  by  the  characters  given  above  and  is 
apparently  related  to  xanthostomus  Will.,  but  lacks  the  notches  in 
the  second  and  third  abdominal  bands. 
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4.  Epistrophe  submar ginalis  Cur.  (Fig.  7) 

Epistrophe  submarginalis  Curran  1924,  Kans.  Univ.  Sci. 
Bui.  15  : 101,  fig. 

Face  yellow,  with  a narrow  brownish  cast  over  the  tubercle ; 
cheeks  with  a black  spot  below  the  eyes ; arista  yellowish ; 
abdomen  slightly  emarginate,  first  band  interrupted,  second 
and  third  continuous,  all  reach  the  sides  but  usually  incon- 
spicuously. Length  10  to  11  mm. 

Male — Face  yellow,  usually  narrowly  brownish  over  the 
tubercle,  but  may  be  entirely  yellowish,  pollinose  on  the  sides, 
pile  pale  yellow;  cheeks  reddish,  with  a large  indefinite  black 
spot  below  the  eyes;  frontal  triangle  mostly  black,  heavily 
pollinose,  especially  around  the  orbits,  pile  black;  vertical  tri- 
angle black  with  black  pile ; eyes  bare ; antennae  yellowish, 
the  first  two  segments  light  brown,  arista  reddish,  never  black. 

Thorax  shining  aeneous,  lightly  pollinose  on  the  pleura  and 
sides  of  the  mesonotum,  pile  all  golden  or  pale  yellow ; scutellum 
yellow,  the  pile  black  with  yellow  hairs  along  the  basal  margin. 

Legs  yellow;  basal  one-third  of  the  four  front  femora,  the 
basal  half  of  the  hind  femora  and  a broad  median  band  on  the 
hind  tibiae  black ; hind  tarsi  infuscated.  Wings  hyaline,  lightly 
yellowish  tinged,  the  stigma  very  little  darker;  squamae  and 
halteres  yellow. 

Abdomen  black ; first  tergite  narrowly  pale  on  the  extreme 
sides ; second  with  a pair  of  large  triangularly  oval  yellow  spots 
which  are  pointed  on  their  inner  ends,  reach  forward  on  the 
sides  to  the  base  of  the  segment ; third  and  fourth  each  with  a 
rather  broad  yellow  crossband,  the  second  one  almost  touching 
the  base  of  segment  in  its  entire  width,  a very  shallow  notch 
on  their  fore  margins,  and  a deeper  one  on  their  posterior 
margins,  both  bands  are  narrowed  posteriorly  at  the  sides  and 
the  basal  corners  reach  the  bases  of  the  segments;  apical  mar- 
gins of  the  fourth  and  fifth  and  the  basal  corners  of  the  fifth 
yellow.  The  crossbands  on  the  third  and  fourth  tergites  often 
have  a projection  on  their  front  margin  instead  of  a shallow 
notch.  Venter  yellow  with  all  pale  pile. 

Female — Quite  similar  but  usually  paler,  especially  the  an- 
tennae, cheeks,  sides  of  mesonotum,  and  the  legs  which  are  all 
yellow  except  the  coxae  and  trochanters.  The  front  is  shining 
with  brownish  to  black  pile,  the  side  dust  spots  are  very  little 
expanded  above  and  there  is  usually  a black  W above  the  red 
W.  The  abdominal  bands  are  narrower,  straighter  on  their 
posterior  edges,  and  usually  reach  the  sides  more  distinctly. 
Occasionally  the  abdominal  bands  of  the  females  have  a metallic 
luster  to  them. 
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Described  from  numerous  specimens  from  Idaho  (Aldrich), 
Washington  (Wilcox),  Maine  (Metcalf),  Ontario  (Curran),  British 
Columbia  (Elliott),  Pennsylvania,  and  Wisconsin. 

It  is  one  of  those  species  which  may  be  confused  as  to  its  generic 
relationships  as  dried  specimens  often  show  emargination  of  the 
abdomen.  For  this  reason  it  is  very  closely  related  to  M.  nitidicollis 
Mg. ; but  the  reddish  antennae,  the  narrower  abdominal  bands,  and 
smaller  size  of  submarginalis  will  distinguish  it.  It  is  a spring  form, 
collected  mostly  in  May  and  June. 

5.  Epistrophe  hunteri  Cur.  (Fig.  8) 

Epistrophe  liunteri  Curran  1924,  Kans.  Univ.  Sci.  Bui. 

15:  171. 

Face,  antennae,  and  legs  yellow;  spots  on  second  tergite 
large,  bands  on  third  and  fourth  tergites  continuous.  Length 
10  mm. 

Male — Face  yellow,  practically  without  pollen,  a small  black 
spot  below  the  eyes,  pile  sparse,  yellow;  cheeks  yellow  with 
yellow  pile ; frontal  triangle  yellow,  a small  black  triangle  just 
above  the  antennae,  yellow  pollinose,  the  pile  black ; eyes  bare ; 
antennae  all  yellow,  the  arista  reddish. 

Thorax  shining  aeneous,  pile  all  yellow,  ground  color  of  the 
sides  of  the  mesonotum  obscurely  yellow;  scutellum  yellow, 
pile  yellow  basally,  black  apically;  legs  all  yellow,  only  the 
coxae  and  trochanters  black. 

Abdomen  subshining  black;  the  margin  very  narrowly  yel- 
low; first  tergite  obscurely  yellow  on  the  sides  and  in  front; 
second  with  a pair  of  large  subtriangular  spots  which  reach 
forward  on  the  sides  of  the  base ; third  with  an  anteriorly  situ- 
ated yellow  band,  a small  projection  on  the  anterior  margin, 
a notch  in  the  posterior  margin,  and  briefly  narrowed  on  the 
sides ; fourth  with  a similar  band  but  situated  at  the  base ; the 
apical  margin  rather  broadly  yellow ; fifth  yellow  with  a median 
black  arch.  Venter  yellow  with  yellow  pile. 

Female — Front  shining  aeneous,  considerably  narrowed 
above,  the  W broadly  yellow,  and  with  a wide  pollinose  cross- 
band which  is  narrowly  interrupted ; scutellar  pile  all  yellow ; 
abdominal  bands  similar  to  the  male  but  more  yellowish  on 
the  sides,  the  first  pair  of  spots  more  than  half  as  wide  as  the 
segment  is  long. 

Described  from  a male  from  El  Paso,  Calif.  (Champlain)  and 
a female  from  Orono,  Maine  (Metcalf).  I feel  sure  that  the  female 
belongs  to  this  species  and  I am  unable  to  note  any  differences  in 
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the  male  described  above  from  the  type  which  was  taken  in  Mani- 
toba. 

Its  closest  relative  is  probably  E.  submarginalis  and  undoubtedly 
belongs  to  this  group.  The  yellow  hairs  of  the  scutellum  and  the 
all  yellow  legs  help  to  distinguish  it.  The  type  is  in  the  Canadian 
National  Collection  at  Ottawa. 

6.  Epistrophe  imperialis  Cur.  (Fig.  9) 

Epistrophe  imperialis  Curran  1924,  Ivans.  Univ.  Sci.  Bui. 
15 : 100,  fig. 

Face  yellow,  cheeks  and  oral  margin  black,  male  with  black 
tarsi,  female  with  hind  tarsi  black;  venter  of  male  with  trian- 
gular black  markings,  absent  in  the  female.  Length  9 to  12 
mm. 

Male — Face  broad,  shining  yellow,  only  the  very  narrow 
orbits  pollinose,  pile  black;  tubercle  prominent  with  a broad 
shallow  depression  above ; cheeks  and  oral  margin  to  above  the 
upper  edge  of  mouth  shining  black ; pile  yellow  on  the  cheeks, 
black  on  the  lower  face;  frontal  triangle  bluish  to  greenish 
black,  usually  pollinose,  pile,  heavy,  black;  vertical  triangle 
very  little  longer  than  broad ; eyes  bare ; antennae  brownish, 
second  and  third  segment  often  darkened  above,  arista  brownish 
to  black. 

Thorax  semi-shining  black  with  a bronze  reflection,  pile 
yellowish ; scutellum  yellow,  the  pile  all  black  except  for  a few 
yellow  hairs  at  the  base.  Legs  yellowish,  basal  one-third  to  one- 
half  of  the  four  front  femora,  basal  two-thirds  of  the  third 
femora,  and  all  the  tarsi  black ; hind  tibiae  brownish  with  a 
broad  indefinite  median  band.  Wings  luteous,  squamae  yellow 
with  brownish  fringe,  halteres  yellow. 

Abdomen  semi-shining  black ; the  second  tergite  with  a pair 
of  suboval,  widely  separated  yellow  spots  which  attenuate  to 
reach  the  anterior  angles;  band  on  third  tergite  biconcave  in 
front  and  biconvex  behind,  reaching  the  base  of  the  segment 
on  the  sides,  and  with  a small  projection  in  front  in  the 
middle ; band  on  fourth  tergite  similar ; apical  margin  of  the 
fourth,  more  narrow  margin  of  the  fifth,  and  the  basal  corners 
of  the  fifth  yellow.  Venter  yellow  with  large  triangular  black 
markings  on  sternites  two  and  three ; fourth  mostly  entirely 
black. 

Female — paler ; pile  of  face  may  be  almost  all  whitish ; front 
with  a broad  indistinct  pollinose  crossband  which  is  very  nar- 
rowly interrupted  in  the  middle,  the  W broadly  yellow;  legs 
black  only  on  the  extreme  bases  of  the  femora,  the  hind  tarsi, 
and  the  terminal  segments  of  the  other  tarsi ; venter  yellowish. 
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Described  from  two  males  from  Alberta  (Bryant)  and  two 
females,  one  from  Low  Bush,  Ont.,  (Bigelow)  and  the  other  from 
Alaska  (Hine)  compared  with  the  allotype.  One  of  the  males  is  a 
slight  variety;  it  lacks  the  ventral  black  markings  and  the  bands 
on  tergites  three  and  four  are  interrupted. 

This  species  has  no  real  close  relatives  unless  it  is  compared 
with  those  of  the  sodalis  group,  species  which  however  have  hairy 
eyes  and  interrupted  abdominal  bands.  The  head  is  typical  of 
this  group. 

7.  Epistrophe  cinctellus  (Zett.)  (Fig.  10) 

Scaeva  cinctella  Zetterstedt  1848,  Dipt.  Scancl.  II : 742. 
Syrphus  diversipes  Macquart  1851,  Dipt.  Nouv.  Supl.  IV, 
Part  2:  155;  Williston  1886,  Syrph.  N.  A.  76. 
Epistrophe  cinctellus  Curran  1924,  Kans.  Univ.  Sci.  Bui. 
15  : 97  (Syn.) . 

Face  yellow  with  the  tubercle  sometimes  darkly  opalescent, 
scutellum  black-haired,  abdomen  with  the  bands  on  the  third 
and  fourth  tergites  continuous  and  reach  the  sides.  Length 
9 to  11  mm. 

Male — Face  and  cheeks  yellow,  with  a slight  indication  of 
a darkened  upper  mouth  edge  and  tubercle ; tubercle  broad 
and  rather  prominent,  devoid  of  pile  and  pollen;  pile  entirely 
yellow  on  both  face  and  cheeks,  sides  of  face  covered  broadly 
with  yellowish  pollen;  frontal  triangle  mostly  black  with  the 
sides  more  yellowish,  covered  with  yellowish  pollen  except  a 
large  shining  black  spot  just  above  the  antennae,  pile  rather 
long  and  dark  brown;  antennae  yellow  with  upper  sides  of 
the  second  and  third  segments  dark  brown  to  black,  arista 
dark  brown  and  decidedly  pubescent ; occiput  black  with 
whitish  pollen  and  yellowish  pile ; vertical  triangle  black  with 
brownish  pile. 

Thorax  shining  metallic  green,  pile  yellow  and  the  sides  of 
the  mesonotum  and  pleura  with  yellowish  pollen;  scutellum 
entirely  yellow  with  long  black  pile.  Legs  yellow  with  black 
as  follows:  basal  one-half  of  four  front  femora  occasionally, 
but  normally  yellow,  all  but  the  basal  one-half  and  tip  of  hind 
femora,  the  hind  tibia  and  tarsi;  pile  mostly  yellow  except  a 
few  black  hairs  on  the  outside  of  the  middle  and  hind  femora, 
the  short  depressed  hairs  on  the  upper  side  of  the  hind  tibia 
and  tarsi  dark  brown.  Wings  hyaline,  stigma  dilutely  yellow- 
ish ; squamae  yellowish  with  yellow  fringe,  plumule  light 
yellow. 

Abdomen  narrow,  black  with  three  broad  yellow  crossbands, 
only  the  first  interrupted  and  all  broadty  reach  the  side  mar- 
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gins;  in  some  specimens  the  black  intervals  reach  obscurely 
forward  on  the  extreme  edge  of  the  rolled  side  margins;  first 
tergite  shining  with  the  anterior  corners  broadly  yellow ; 
second  semi-opaque  with  a pair  of  triangular  spots,  their 
inner  ends  rounded  and  well  separated ; the  band  on  the  third 
well  forward  and  almost  touching  the  rear  margin  of  the 
second  tergite  and  deeply  concave  in  the  middle  behind ; 
fourth  similar  except  the  band  is  almost  on  the  anterior  mar- 
gin ; posterior  margin  of  fourth  and  all  of  the  fifth  except 
a median  triangle  yellowish;  genitalia  mostly  yellowish.  Pile 
mostly  yellowish  basally,  blacker  beyond  the  middle.  Yenter 
yellow,  pile  long  and  yellow  on  first  two  sternites,  shorter  and 
black  elsewhere. 

Female — Quite  similar  except  the  abdominal  bands  are  nar- 
rower and  the  first  tergite  is  entirely  yellow,  second  with  the 
spots  quadrate  and  closer  together,  connected  broadly  with  the 
yellow  of  the  first  tergite ; this  leaves  the  segment  with  a broad 
inverted  black  T-shaped  marking;  the  fifth  and  following  ter- 
gites  more  broadly  black.  Legs  more  yellowish  with  only  the 
apical  half  of  the  hind  femora,  the  hind  tibia  obscurely,  and 
the  hind  tarsi  dark  brown;  the  front  is  black  but  rather 
heavily  coated  with  a yellowish  pollen  with  exception  of  the 
large  shining  black  spot  above  the  antennae. 

Described  from  numerous  specimens  from  Germany,  France, 
England,  Oregon,  Washington,  Alaska,  British  Columbia,  New 
Mexico,  Minnesota,  Maine,  Tennessee,  and  Wisconsin. 

This  species  is  easily  recognized  by  the  pubescent  arista,  narrow 
abdomen,  black  haired  scutellum,  and  yellowish  coxae  and  tro- 
chanters. The  shape  of  the  spots  on  the  second  tergite  of  the 
female  is  also  characteristic. 

8.  Epistrophe  cinches  (Fall.)  (Fig.  11) 

Scaeva  cincta  Fallen  1817,  Dipt.  Suec.  Syrph.  45. 

Syrphus  cinctus  Meigen  1822,  Syst.  Beschrib.  Ill : 318 ; 
Yerrall  1901,  Brit.  Flies,  Syrph.  394;  Curran  1922, 
Can.  Ent.  54:  117. 

Face  yellow,  antennae  largely  orange,  scutellum  white 
haired,  abdomen  with  the  second  and  third  bands  continuous. 
Length  9 to  10.5  mm. 

Male — Face  entirely  yellow,  tubercle  inconspicuous,  entirely 
coated  with  yellowish  pollen,  the  pile  yellow  to  occasionally 
brownish  near  the  eyes;  cheeks  reddish,  pile  white;  oral 
margin  broadly  brown;  frontal  triangle  dull  bronze  to  almost 
yellowish,  covered  with  yellow  pollen,  the  pile  black ; antennae 
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reddish  to  yellow,  the  third  segment  darker  above,  the  arista 
brown  to  black,  thickened  on  the  basal  third. 

Thorax  shining  aeneous,  the  side  margins  often  yellowish, 
pile  all  yellow  to  white;  scutellum  yellow,  pile  whitish.  Legs 
yellowish  brown,  the  basal  one-half  or  less  of  the  four  front 
femora  and  all  but  the  extreme  base  and  broader  tip  of  the 
hind  femora  brown  to  black.  Wings  hyaline. 

Abdomen  black ; first  tergite  shining  aeneous ; second  with 
a rather  large  pair  of  triangular  spots,  widely  separated  and 
scarcely  reach  the  sides;  third  with  a broad  yellow  band,  its 
posterior  margin  decidedly  concave,  anterior  margin  nearly  or 
touching  the  base  of  the  segment,  separated  from  the  sides; 
fourth  with  a similar  band,  narrower,  and  occasionally  inter- 
rupted in  the  middle  and  may  reach  the  sides ; posterior 
margins  of  the  fourth  and  fifth  and  the  basal  corners  of  the 
fifth  yellow.  Venter  largely  yellow,  with  a black  band,  situ- 
ated in  the  middle  of  the  posterior  half  of  sternites  two  to 
four. 

Female — Similar ; the  cheeks  paler ; front  shining  black  with 
the  sides  yellow  almost  to  the  ocelli;  pile  of  thorax  paler,  side 
margins  usually  more  prominently  yellow;  legs  paler;  first 
tergite  of  abdomen  yellow  on  the  sides;  spots  on  the  second 
narrower  and  more  elongate,  their  inner  ends  sharply  pointed 
and  very  little  separated;  bands  on  three  and  four  narrower, 
often  notched  behind. 

Described  from  twenty  specimens;  Ontario,  Alberta,  Pennsyl- 
vania, New  Jersey,  New  York,  Virginia,  Maryland,  and  Wisconsin. 

It  is  readily  told  from  E.  cinctellus  Zett.  by  the  pollinose 
face  and  white  hair  on  the  scutellum.  Occasionally  the  abdomen 
shrivels,  becoming  extremely  narrow,  causing  a little  confusion  in 
identification. 

9.  Epistrophe  diversifasciatus  (Knab)  (Pig.  12) 

Syrphus  diversifasciatus  Knab  1914,  Ins.  Insc.  Ment. 
2:  151. 

Syrphus  rubripleuralis  Curran  1921,  Can.  Ent.  53 : 173. 

Epistrophe  diversifasciatus  Curran  1924,  Kans.  Univ.  Sci. 
Bui.  15 : 97. 

Abdomen  without  yellow  spots  on  the  second  tergite,  a con- 
tinuous band  on  the  third  and  on  the  fourth  tergites,  thorax 
of  the  female  with  a pair  of  longitudinal  white  vittae.  Length 
9 to  11  mm. 

Male — Pace  yellow  with  a median  indefinite  brown  to  black 
stripe,  often  bordered  with  red;  heavily  coated  with  white 

15 


ENTOMOLOGICA  AMERICANA  Vol.  XV,  No.  i 


pollen ; sides  of  mouth  shining  black  across  to  the  eyes ; cheeks 
below  reddish;  pile  of  face  and  cheeks  yellow,  black  near  the 
eyes  above;  frontal  triangle  with  a depressed  arc  just  above 
the  red  and  black  W,  yellow,  bine  black  next  to  the  eyes,  polli- 
nose,  pile  black;  antennae  reddish  yellow  on  the  lower  half, 
brownish  black  above,  arista  slender  and  of  the  same  thick- 
ness nearly  to  the  tip ; vertical  triangle  equilateral,  the  pile 
black;  occiput  narrow  above,  pile  yellow,  rather  short,  only 
a very  few  weak  black  cilia  overhanging  the  eyes ; eyes  bare. 

Thorax  brightly  shining  blue ; wdiite  pollinose  on  the  humeri, 
near  the  suture,  and  on  the  pleura ; pile  entirely  white  except 
a few  black  hairs  immediately  in  front  of  the  postalar  cal- 
losity; scutellum  opalescent  yellow,  pile  black.  Legs  reddish 
yellow;  extreme  bases  of  front  femora,  basal  third  of  the 
middle  femora,  all  but  a very  narrow  preapical  reddish  ring 
on  the  hind  femora,  black;  all  the  tibiae  have  a median  dark 
ring  which  is  more  pronounced  on  the  hind  pair,  and  the  tarsi 
are  infuscated  reddish  brown;  all  the  legs  pollinose.  Wings 
hyaline ; squamae  yellow,  the  fringe  yellow ; halteres  black  to 
brown. 

Abdomen  narrow ; first  tergite  shining  black ; second  shin- 
ing except  for  a broad  black  velvety  band,  no  yellow  spots; 
third  and  fourth  similar  except  there  is  a complete  yellow 
band  in  the  velvety  black  area,  this  band  is  narrower  at  the 
middle  than  at  the  sides  but  does  not  reach  the  side  margins; 
fifth  wdth  an  elongate  transverse  velvety  spot;  the  shining 
parts  of  the  abdomen  are  very  thinly  pollinose.  Venter  shin- 
ing black,  apices  of  the  second  and  third  sternites  narrowly 
and  the  basal  areas  of  sternites  three  and  four  broadly  yellow- 
ish pollinose ; pile  of  abdomen  all  whitish,  short,  and  sparse. 

Female — Very  similar;  the  front  has  a wide  pollinose  band 
which  is  usually  partially  interrupted  in  the  middle ; the 
thorax  has  two  white  pollinose  longitudinal  stripes  on  the 
dorsum;  thej^  are  widely  separated  and  do  not  reach  the  front 
edge  nor  the  scutellum ; the  abdominal  bands  narrower  and 
almost  interrupted. 

Described  from  the  type  specimens ; two  males  from  Oregon 
(D.  K.  Frewing),  seven  females  from  Antelope  Mts.  in  Oregon  (D. 
K.  Frewing),  and  one  female,  British  Columbia.  The  Oregon 
specimens  were  taken  in  early  July,  1932,  at  an  elevation  of  6,500 
to  7,500  feet. 

It  is  a remarkable  species  which  is  easily  told  by  the  abdominal 
markings.  It  has  no  near  relatives  but  comes  nearest  to  cinctus 
Fall. 
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10.  Epistoplie  lineola  (Zett.)  (Fig.  13) 

Scaeva  lineola  Zetterstedt  1843,  Dipt.  Scand.  II : 714. 

Syrphus  lineola  Verrall  1901,  Brit.  Flies  Syrph.  359. 

Antennae  black,  venter  with  triangular  black  markings, 
hind  femora  almost  entirely  black.  Length  about  8 mm. 

Male — Face  yellow;  a median  stripe,  oral  margin  broadly, 
and  the  cheeks  black;  all  but  the  facial  stripe  covered  with 
yellowish  pollen,  pile  of  face  black,  of  cheeks  yellowish; 
frontal  triangle  black,  all  but  the  W covered  with  yellow 
pollen,  pile  black;  antennae  and  arista  black. 

Thorax  semi-shining  with  a bronze  or  greenish  hue,  pile 
all  yellow  to  light  brown ; scutellum  dull  yellow,  the  pile  black. 
Legs  black  or  brown,  the  apical  half  of  the  four  front  femora, 
and  all  but  a median  ring  on  the  four  front  tibiae  yellow. 

Abdomen  semi-shining;  second  tergite  with  a pair  of  medi- 
anly  situated  yellow  spots,  narrower  than  the  next  band,  same 
width  as  the  third,  and  attenuated  to  reach  the  sides  at  the 
basal  corners;  band  on  third  tergite  rather  broad,  notched 
posteriorly,  and  attenuated  on  the  sides  but  reaching  to  the 
edges;  next  band  similar  but  narrower;  apical  margins  of 
fourth  and  fifth  and  basal  corners  of  fifth  yellow.  Venter 
yellow,  each  main  sternite  with  a broad  median  triangular 
black  spot,  the  vertex  pointing  cephalad. 

Female  very  similar ; front  heavily  yellow  pollinose  but 
leaving  a large  inverted  Y-shaped  black  shining  spot ; abdomi- 
nal bands  are  straighter,  not  notched  behind  but  reaching  the 
sides  distinctly. 

One  male,  Washington  (Aldrich)  ; four  females,  Oregon 
(Beamer,  Scullen)  ; and  one  female,  Colorado  (Fluke). 

This  species  is  recognized  by  the  black  antennae  and  the  tri- 
angular spots  on  the  venter.  E.  vittiger  Zett.  a close  relative 
which  does  not  occur  in  this  country,  differs  in  having  a brownish 
tinge  to  the  wings  and  elongate  spots  on  the  venter.  E.  annulatus 
Zett.  is  also  a close  relative  but  as  far  as  I know  does  not  occur 
in  North  America. 

11.  Epistrophe  conjunctus  (Osb.)  (Fig.  14) 

Syrphus  conjunctus  Osburn  1908,  Can.  Ent.  40 : 7,  fig. 

Epistrophe  melanderi  Curran  1924,  Kans.  Univ.  Sci.  Bui. 

15:  103. 

Antennae  reddish  below,  face  with  a black  stripe,  hind 
femora  yellow  at  the  base,  second  and  third  abdominal  bands 
continuous  and  reach  the  side  margins.  Length  9 to  10  mm. 
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Male — Face  yellow  with  a median  black  stripe  which  reaches 
only  about  half  way  between  the  tubercle  and  the  base  of  the 
antennae,  all  but  the  stripe  coated  with  greyish  pollen  and 
black  to  brown  pile;  cheeks  brown,  lightly  pollinose,  the  pile 
yellow,  oral  margin,  broadly  to  eyes,  black;  frontal  triangle 
black  but  densely  coated  with  yellowish  brown  pollen,  the 
pile  black,  the  W yellow  with  a narrow  border  of  shining 
black;  antennae  brownish,  yellowish  red  beneath  the  third 
segment,  arista  brown  to  black. 

Thorax  rather  dullish  with  a bronze  cast,  pile  all  yellow, 
very  little  pollinose ; scutellum  dull  yellow,  pile  black ; squamae 
and  halteres  yellow.  Legs  yellow,  basal  one  third  of  the  four 
front  femora,  apical  one-half  or  more  of  the  hind  femora,  and 
the  hind  tibiae  and  all  the  tarsi  brownish.  Wings  hyaline, 
slightly  tinged  with  brownish ; squamae  yellow,  halteres 
yellow. 

Abdomen  black  with  three  yellow  crossbands,  the  first  of 
which  is  interrupted  by  less  than  the  width  of  the  spots,  inner 
ends  rounded  and  placed  in  the  middle  of  the  segments  but 
greatly  attenuated  on  the  sides  so  that  they  reach  the  base  of 
the  segment  as  well  as  the  sides;  next  band  slightly  wider, 
placed  on  the  anterior  half  of  the  segment,  anterior  margin 
nearly  straight,  posterior  margin  biconvex,  the  outer  ends 
attenuated,  reaching  the  base  and  sides  very  narrowly  but 
distinctly,  medianly  emarginate  about  one-third;  third  band 
slightly  narrower,  less  emarginate  behind,  but  the  outer  ends 
quite  similar;  apical  margins  of  fourth  and  fifth,  and  the 
basal  corners  of  the  fifth  yellow.  Venter  yellow,  the  black 
margins  slightly  triangular  but  definitely  longitudinal,  occa- 
sionally obscure. 

Female — Quite  similar  to  the  male,  but  as  would  be  expected 
the  abdominal  bands  are  not  emarginate  behind ; the  venter 
however  appears  to  have  longitudinal  vittae,  obscure,  but 
similar  to  the  male.  This  latter  character  is  the  only  one  that 
will  readily  separate  the  females  from  E.  rectoides  Cur.  The 
front  is  shining  but  covered  by  a broad  interrupted  pollinose 
band  and  the  legs  are  usually  paler  than  on  the  male. 

The  description  is  based  upon  numerous  specimens  from  Brit- 
ish Columbia,  Alberta,  Washington,  Oregon,  Idaho,  and  I have  also 
seen  a male  specimen  that  is  identical  in  every  respect,  collected 
at  Columbus,  Ohio,  September  11,  1907. 

I have  not  seen  the  type  of  melanderi  Cur.  but  feel  there  is  no 
question  about  the  synonomy. 
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12.  Epistrophe  rectoides  (Cur.) 

Syrphus  rectoides  Curran  1921,  Can.  Ent.  53 : 159 ; 1922, 
Can.  Ent.  54:  191. 

Facial  stripe  abbreviated,  hind  femora  of  male  black,  of 
female  yellow  at  the  base ; abdomen  with  second  and  third 
bands  continuous  and  reach  the  side  margins ; venter  of  female 
entirely  yellowish. 

This  species  is  entirely  like  E.  conjunctus  Osb.  except  for  the 
black  hind  femora  of  the  male  and  the  unicolorously  yellow  or  red 
venter  of  the  female.  Specimens  have  been  examined  from  Cali- 
fornia (Martin),  Colorado,  Washington  (Latta),  Oregon,  and 
Alberta  (Bryant).  E.  quinquelimbatus  Big.  is  a mnch  darker 
species  than  either  rectoides  or  conjunctus,  and  the  ventral  mark- 
ings are  decidedly  triangular ; the  female  also  has  the  hind  femora 
black. 

13.  Epistrophe  quinquelimbatus  (Bigot)  (Fig.  15) 

Syrphus  quinquelimbatus  Bigot  1884,  Dipt.  Nouv.,  An- 
nales  Soc.  Ent.  France,  Part  24 : 91. 

Facial  stripe  of  male  one-third  the  width  of  the  face ; hind 
femora  of  both  sexes  black,  abdomen  with  the  second  and  third 
bands  continuous.  Length  about  9 mm. 

Male — A broad  median  facial  stripe,  oral  margin  broadly, 
cheeks,  and  the  frontal  triangle  shining  black;  sides  of  face 
obscurely  yellow,  very  lightly  pollinose ; pile  all  black  except 
on  the  cheeks  and  occiput,  occipital  cilia  black ; antennae 
small,  first  two  segments  reddish  brown,  third  brown  above, 
yellow  beneath,  arista  brown,  thickened  on  the  basal  two- 
thirds. 

Thorax  shining  aeneous,  the  pile  all  golden,  more  brownish 
on  the  sides ; scutellnm  yellow  with  black  pile ; legs  yellow, 
basal  one-third  to  one-half  of  the  four  front  femora,  all  but 
the  tip  of  the  hind  femora,  and  the  apical  two-tliirds  of  the 
hind  tibiae  black ; hind  tarsi  infuscated  brownish ; wings  hya- 
line, lightly  tinged  with  brownish ; squamae  and  halteres 
yellow. 

Abdomen  semi-shining;  spots  on  second  tergite  pointed  on 
their  inner  ends,  attenuated  on  the  outer  ends  and  reaching 
the  sides  but  not  the  base  of  the  tergite ; band  on  third  tergite 
wider,  fore  margin  gently  biconcave,  near  margin  biconvex, 
the  outer  ends  reaching  the  sides  and  base  of  the  tergite ; band 
on  fourth  tergite  similar  but  narrower;  apical  margin  of  the 
fourth  broadly,  of  the  fifth  narrowly,  and  the  basal  corners 
of  the  fifth  yellow;  venter  yellow  with  definite,  large  triangu- 
lar fasciae. 
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Female — Similar  except  the  facial  stripe  is  much  narrower, 
oral  margin  very  narrowly  black;  front  black  with  a broad, 
interrupted  pollinose  band ; and  the  abdominal  bands  are 
straighter. 

Described  from  one  male  from  El  Paso,  Calif.  (Champlain), 
three  males  from  N.  Cheyenne  Canon,  Colorado  (Champlain),  two 
females  from  Anthony  Lake,  Ore.  (R.  H.  Beamer),  one  female 
from  Mt.  Hood,  Ore.  (R.  H.  Beamer),  one  female  from  Creede, 
Colo.  (S.  J.  Hunter),  and  one  female  from  Idaho  (Melander). 
Osburn  records  it  from  British  Columbia. 

An  easily  recognized  species  by  the  facial  stripe  and  ventral 
markings.  Its  closest  relatives  are  rectoides  Cur.  and  conjunctus 
Osb. 


14.  Epistrophe  insolitus  (Osb.)  (Fig.  16) 

Syrphus  insolitus  Osburn  1908,  Can.  Ent.  40 : 5,  fig. 

Face  of  male  entirely  shining  bronze  black,  of  female  with 
a wide  stripe;  venter  of  female  yellow;  abdomen  with  the 
second  and  third  bands  continuous  and  reaching  the  sides. 
Length  7 to  8 mm. 

Male- — Face,  cheeks,  and  frontal  triangle  shining  black  with 
a bronze  cast  to  the  sides  of  the  face  and  cheeks,  pile  black, 
yellow  below  the  mouth,  tubercle  not  prominent ; vertical 
triangle  black  with  black  pile;  occipital  pile  yellow  below, 
black  on  upper  half ; the  ocular  cilia  rather  long,  black ; eyes 
bare;  antennae  reddish  brown,  yellow  below  on  the  third  seg- 
ment, arista  brownish. 

Thorax  dull  to  semi-shining  bronze,  the  pile  yellow,  darker 
along  the  sides;  scutellum  dull  yellow,  the  edges  and  basal 
corners  black,  pile  black.  Legs  reddish  yellow,  basal  one-half 
of  the  four  front  femora,  all  but  the  narrow  tip  of  the  hind 
femora ; hind  tibiae  and  tarsi  reddish  brown,  base  of  the  tibiae 
somewhat  yellowish,  long  pile  of  legs  mostly  black.  Wings 
with  a brownish  tinge,  squamae  brown,  fringes  light  brown; 
halteres  yellowish  red. 

Abdomen  opaque  black,  the  sides  and  posterior  segments 
jDartly  shining;  second  tergite  with  a pair  of  triangular  spots 
which  attenuate  and  reach  the  sides  but  do  not  touch  the  base ; 
band  on  third  continuous,  front  margin  nearly  straight  with 
a small  projection  at  the  middle,  rear  margin  biconvex,  the 
outer  ends  attenuated  and  reach  the  basal  corners;  fourth 
tergite  similar,  band  narrower  and  scarcely  reaches  the  sides; 
basal  corners  of  fifth,  apical  margin  of  fourth,  and  very 
narrow  apical  margin  of  fifth  yellow.  Venter  yellow,  large 
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black  fascia  on  sternites  two  and  three  with  a median  projec- 
tion on  the  fore  margin  of  two. 

Female — Similar  except  the  face  is  about  four-fifths  yellow ; 
the  median  stripe  broad  entirely  up  to  the  base  of  the  an- 
tennae ; front  shining  black  with  only  an  indication  of  a polli- 
nose  crossband;  abdominal  bands  straighter,  go  over  sides  in 
nearly  their  full  width,  spots  on  second  tergite  narrowly  sepa- 
rated; venter  entirely  yellow;  legs  all  yellow  except  a pre- 
apical  dark  ring  on  the  hind  femora  and  tibiae. 

Described  from  two  males  and  one  female  from  the  Osburn 
collection,  one  male  from  Idaho  (Aldrich),  one  female  from  Oregon 
(L.  G.  Gentner),  and  one  female  from  Oregon  (J.  Wilcox). 

A very  easily  recognized  species  by  the  black  face  of  the  male, 
the  broad  stripe  of  the  female,  yellow  venter  of  the  female,  and 
the  shape  of  the  abdominal  bands. 

15.  Epistrophe  semiinterruptus  n.  sp.  (Fig.  17) 

Black  stripe  on  the  face  one-third  or  more  the  width  of 
face ; cheeks  black ; third  segment  of  antennae  j^ellow  below ; 
eyes  bare ; thorax  shining ; hind  femora  black  except  the  tip ; 
second  and  third  abdominal  bands  entire  but  almost  inter- 
rupted, biconvex  posteriorly ; venter  with  black  transverse 
bands.  Length  8 to  9 mm. 

Male — A broad  facial  stripe,  oral  margin,  cheeks,  frontal 
triangle,  and  vertical  triangle  shining  black ; sides  of  face  nar- 
rowly yellow,  very  lightly  pollinose,  pile  short  and  black,  on 
cheeks  yellowish,  on  front  and  vertical  triangle  black;  occiput 
narrow  above,  pile  whitish  below,  yellow  above,  the  cilia  black ; 
antennae  black  on  one  and  two,  the  third  yellow  on  the  under 
half,  arista  brown. 

Thorax  shining  aeneous  with  a very  faint  bronze  reflection 
on  the  disc,  pile  yellow  with  a few  darker  hairs  along  the  sides 
of  the  mesonotum ; scutellum  bluish  opalescent,  the  pile  fine 
and  black ; legs  yellow,  basal  one-half  of  the  four  front  femora 
and  all  but  the  knees  of  the  hind  legs  black;  tarsi  infuscated; 
wings  hyaline,  slightly  luteous  in  front,  squamae  yellowish, 
halteres  yellow. 

Abdomen  semi-shining  black;  second  tergite  with  a pair  of 
yellow  spots,  the  inner  ends  gently  pointed,  outer  ends  pro- 
duced forward  but  reaching  the  sides  by  only  a very  narrow 
stripe,  the  spots  are  separated  from  each  other  by  one  and 
one-half  times  their  greatest  width,  bands  on  third  and  fourth 
tergites  almost  interrupted  in  the  middle,  their  fore  margins 
gently  biconcave,  their  posterior  margins  greatly  biconvex, 
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tlie  ends  attenuated  to  the  basal  corners  and  going  over  the 
sides;  apical  margin  of  the  fourth  and  basal  corners  of  the 
fifth  yellow ; venter  shining,  black  transverse  bars  about  the 
same  width  as  the  yellow  incisures. 

Female — Very  similar;  facial  stripe  slightly  narrower;  front 
shining  blue-black,  the  pollen  reduced  to  triangular  side  spots ; 
legs  less  extensively  black,  on  the  four  front  femora  reduced 
to  extreme  base ; spots  on  the  second  tergite  separated  by  less 
than  their  width  and  go  over  side  margins  in  greater  width. 

Holotype  male;  Low  Bush,  Ont.,  Lake  Abitibi,  June  9,  1925, 
N.  K.  Bigelow;  Allotype  female;  Hull,  Quebec,  May  24,  1923,  C.  H. 
Curran.  Types  in  the  American  Museum. 

Paratypes  as  follows:  1 male,  Jaffrey,  N.  H.,  V-l-25 ; 1 male 
same  place,  VI-1 5-17  (Johnson)  ; 2 females,  Bar  Harbor,  Me.,  VI- 
7-21  and  VI-15-21  (Johnson)  ; 1 female,  Guilford,  Conn.,  V-10-14 
(Foote)  ; 1 female,  S.  W.  Harbor,  Me.,  VI-21-21  (Johnson)  ; 1 
male,  Mt.  AVash.,  VI-13-16  (Johnson)  ; and  1 male,  Orono,  Me., 
V-3-15  (Parshley)  in  the  Boston  Society  Nat.  History. 

1 male,  Tetreauval,  Que.,  V-20-23  (Curran)  ; 1 male,  Low 
Bush,  Ont.,  Lake  Abitibi,  VI-9-25  (Bigelow)  ; 1 male,  Emo,  Ont., 
V-5-24  (Brimley)  ; 1 female,  Megantic,  Que.,  VI-21-23  (Cur- 
ran) ; 3 females,  Low  Bush,  Ont.,  Lake  Abitibi,  VI-9  and  22-25, 
VII-17-25  (Bigelow)  ; 1 female,  Halifax,  N.  S.,  VI-13-15  (Per- 
rin) ; 1 female,  Tetreauval,  Que.,  V-20-23  (Curran)  in  the 
Canadian  Natl.  Museum. 

1 male,  Jaffrey,  N.  H.,  V-17-25 ; 1 male,  Sunburst,  N.  C., 
(Brimley)  ; 1 male,  Tetreauval,  Que.,  V-20-23  (Curran)  ; 1 female, 
Orono,  Me.,  VI-18-15;  1 female,  Bar  Harbor,  Me.,  VI-15  (John- 
son) and  1 female,  Hull,  Que.,  V-27-23  (Curran)  in  the  collection 
of  the  author. 

16.  Epistrophe  genualis  (Will.)  (Fig.  18) 

Syrphus  genualis  Williston  1886,  Syrph.  N.  A.  86 ; Curran 
1921,  Can.  Ent.  53 : 159. 

Eyes  bare,  face  with  a black  stripe,  abdomen  with  continu- 
ous bands  on  three  and  four,  all  of  which  reach  the  side 
margins.  Length  7 to  8 mm. 

Female — Face  yellow  with  a distinct  narrow  black  stripe 
which  ends  just  above  the  depression,  connects  with  the  broad 
black  oral  margin  and  black  cheeks,  yellow  below  the  mouth; 
face  lightly  dusted  on  the  sides,  the  pile  sparse  and  pale  except 
above  near  the  antennae  where  it  is  black ; cheeks  lightly  polli- 
nose,  pile  yellow ; front  shining  black  with  a moderately  broad 
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interrupted  pollinose  band,  the  W yellow,  pile  black;  there 
are  no  black  cilia  overhanging  the  eyes;  antennae  yellow  to 
brownish,  darker  on  the  upper  side  of  the  third  segment; 
arista  reddish  brown. 

Thorax  shining  aeneous,  the  pile  all  yellow,  more  whitish 
on  the  pleura ; scutellum  yellow  with  black  pile.  Legs  yellow ; 
apical  two-thirds  of  the  hind  femora  except  the  tip  black;  the 
hind  tibiae,  except  for  the  basal  one-third,  and  the  hind  tarsi 
brownish ; squamae  and  halteres  yellow. 

Abdomen  shining  black;  second  tergite  with  a pair  of  yellow 
elongate  spots  which  reach  the  sides  in  their  full  width,  slightly 
narrower,  usually,  than  the  next  band,  and  separated  from 
each  other  by  a little  more  than  their  width ; third  with  a con- 
tinuous band  which  is  narrower  at  the  middle  than  on  the 
median  sides,  slightly  attenuated  on  the  sides  where  it  goes 
over  in  nearly  its  full  width;  fourth  with  a similar  band  al- 
though it  is  usually  narrower  in  the  middle  and  has  a tendency 
to  attenuate  more  on  the  sides;  apical  margins  of  the  fourth 
and  fifth  tergites  and  the  basal  corners  of  the  fifth  yellow. 
Yenter  shining  with  distinct  black  transverse  bands,  the  inci- 
sures being  broadly  yellow. 

Male — Similar ; facial  stripe  broader  and  less  distinct,  pile 
black;  frontal  triangle  shining  black;  pollinose  on  the  sides; 
legs  more  extensively  black,  front  femora  black  on  the  basal 
one-third,  hind  femora  all  but  the  knees;  abdominal  band 
broader,  second  and  third  biarcuated  and  more  extensively 
attenuated  on  the  sides  but  go  over  distinctly. 

The  description  above  is  based  on  a large  series  of  females  from 
Maine  (Metcalf),  Connecticut  (Aldrich),  Washington  (Notting- 
ham), New  Mexico  (Klots),  and  Wisconsin.  I have  only  two 
males,  one  from  Quebec  (Curran)  and  one  from  Wisconsin  which 
I believe  belong  here.  I am  sure  of  the  females  as  they  agree 
perfectly  with  the  type. 

It  is  a small  species  recognized  by  the  shining  abdomen  and  the 
peculiar  shape  to  the  crossbands. 

17.  Epistrophe  johnsoni  (Cur.)  (Fig.  19) 

Syrphus  johnsoni  Curran  1924,  Occ.  Pap.  Bost.  Soc.  Nat. 

Hist.  5 : 79. 

Very  similar  to  genualis  Will,  but  with  the  following  differ- 
ences; larger,  about  8 to  9 mm.  long;  front  more  shining,  the  polli- 
nose band  often  limited  to  side  dust  spots;  legs  more  extensively 
yellow  in  the  female,  the  femora  with  only  a preapical  black  ring; 
abdominal  bands  broader,  the  front  margin  with  a distinct  projec- 
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tion  in  the  middle  and  the  rear  margin  emarginate  as  in  genitalis; 
in  the  male  none  of  the  bands  reach  the  sides,  in  the  female  they 
all  reach  the  sides  hut  are  attenuated.  In  addition  the  thoracic 
pile  of  the  male  is  often  black  along  the  sides. 

This  is  a very  distinctive  species  although  the  female  may  be 
confused  at  times  with  genitalis  Will.,  but  the  paler  legs  and  nar- 
rower, less  attenuated  abdominal  bands  will  separate  them. 

Ten  females  and  one  male  from  Maine  (Metcalf),  two  males 
and  one  female  from  New  Hampshire  (Johnson)  ; a female  from 
Quebec  (Curran),  and  one  male  from  British  Columbia  (Osburn). 

18.  Epistrophe  tarsatus  (Zett.)  (Fig  20) 

Scaeva  tarsatus  Zetterstedt  1838,  Ins.  Lappon.  601 ; 1843, 
Dipt.  Scand.  730. 

Syrphus  adolescens  Walker  1849,  Cat.  Dipt.  Brit.  Mus. 
Part  III,  584. 

Syrphus  contumax  Osten  Sacken  1875,  Proc.  Bost.  Soc. 
Nat.  Hist.  18:  148;  Williston  1886,  Syrph.  N.  A.  71. 

Byrphus  Bryantii  Johnson  1898,  Ent.  News  9 : 17. 

Stenosyrphus  contumax  Curran  1923,  Can.  Ent.  55:  63. 

Face  yellow  with  a prominent  tubercle,  tibiae  of  the  front 
four  legs  reddish,  hind  femora  of  the  female  reddish  except 
the  basal  one-fourth  or  less,  abdominal  spots  on  the  second 
segment  usually  do  not  reach  the  side  margins.  Length  9 to 
10  mm. 

Male — Face  broad,  yellow,  lightly  pollinose  along  eye  mar- 
gins, pile  black,  with  a prominent  tubercle;  oral  margin  and 
cheeks  broadly  black,  pile  mostly  yellowish  but  a few  black 
hairs  on  cheeks  in  some  specimens;  frontal  triangle  greenish 
black,  heavily  greyish  pollinose,  pile  black.  Antennae  almost 
all  black,  occasionally  yellow  at  the  base  below  on  the  third 
segment,  arista  black.  Eyes  heavily  white  pilose. 

Thorax  olivaceous  black,  dull,  with  several  indistinct  opaque 
lines;  pile  heavy  and  nearly  all  golden,  a few  black  hairs  on 
the  dorsum  just  above  the  lateral  margins;  scutellum  yellow 
with  black  hairs,  yellow  pile  on  the  basal  corners.  Legs  mostly 
black ; apical  one-half  of  the  front  four  femora  and  all  of  their 
tibiae,  the  apical  one-fourth  of  the  hind  femora,  and  the  hind 
tibiae  except  for  a preapical  ring,  yellowish  red.  Sometimes 
the  hind  tibiae  are  all  reddish  and  rarely  the  front  tibiae  have 
a darkened  tip.  Wings  are  luteous  with  the  stigma  only 
slightly  darker,  squamae  whitish  yellow,  halteres  yellow. 

Abdomen  almost  entirely  opaque  black,  with  three  pairs  of 
prominent  yellow  spots,  the  first  pair  broadly  separated  and 
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nearly  always  separated  from  the  side  margins,  occasionally 
the  extension  to  the  sides  is  obscure ; second  and  third  pairs 
of  spots  broader,  their  fore  margins  nearly  straight,  their  rear 
margins  convex  so  that  they  are  broadest  lateral  of  their 
median  sections,  greatly  attenuated  but  seldom  reach  the  side 
margins,  they  are  distinctly  separated  from  the  basal  margins ; 
third  pair  smaller  than  the  second  pair.  Apical  margin  of 
the  fourth  broadly,  the  fifth  narrowly,  and  the  anterior 
corners  of  the  fifth  reddish.  Venter  yellowish  with  obscure 
black  to  fuscous  markings  on  the  apical  margins  of  each  sternite 
which  reach  forward  in  the  middle  to  the  basal  margin,  some- 
times only  obscure  median  triangles.  Pile  is  long  and  largely 
yellowish . 

Female — Face  more  projecting,  epistoma  more  prominent; 
front  shining  black  with  bronze  reflections,  with  a broad 
greyish  pollinose  crossband  which  almost  reaches  the  antennae, 
pile  black.  Thorax  slightly  shining,  pile  nearly  all  golden. 
Legs  reddish,  only  the  basal  one-thircl  or  less  of  the  femora 
and  all  the  tarsi  black.  Abdomen  sub-shining,  the  spots  nar- 
rower and  the  second  and  third  pair  may  reach  the  sides  ob- 
scurely. Ventral  spots  more  pruinose  and  almost  obscured. 

Described  from  numerous  specimens  from  Alaska  (Aldrich  and 
Cushing),  British  Columbia,  Alberta,  Colorado,  and  Europe.  It  is 
a very  common  northern  species  and  Collin  has  recorded  many 
specimens  from  Greenland. 

I have  been  unable  to  notice  any  differences  between  the  Euro- 
pean specimens  and  the  American  forms  and  after  a careful  study 
of  the  types  of  contumax  0.  S.  am  forced  to  consider  Osten 
Sacken’s  name  a synonym. 

19.  Epistrophe  sodalis  (Will.)  (Fig.  21) 

Syrphus  sodalis  Williston  1886,  Syrph.  N.  A.  74. 
Stenosyrphus  sodalis  Curran  1923,  Can.  Ent.  55:  59. 

Face  yellow,  oral  margin  broadly  black ; pile  of  thorax 
nearly  all  golden;  legs  black,  only  the  apical  one-third  to  one- 
half  of  the  four  front  femora,  the  tibiae  except  for  an  apical 
median  ring  and  the  basal  one-third  of  the  hind  tibiae  reddish ; 
in  the  male  the  hind  femora  are  all  black  except  the  apical 
one-fifth ; and  the  first  pair  of  spots  normally  extend  over  the 
side  margins. 

This  species  is  very  close  to  tarsatus  Zett.  but  the  characters 
given  above  should  readily  distinguish  it.  From  mallochi  Cur.  it 
is  told  by  the  narrower  front  and  the  yellow  pilose  hind  coxae. 
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It  is  common  in  British  Columbia,  Colorado  (Aldrich),  Alaska, 
Oregon,  Idaho  (Aldrich),  and  Alberta  (Bryant). 

20.  Epistrophe  mallochi  (Cur.) 

Syrphus  sodalis  var.  interruptus  Malloch  1919,  Rept.  Can. 
Arct.  Exped.  55  C. 

S 'tenosyrphus  interruptus  Curran  1923,  Can.  Ent.  55:  61. 
Stenosyrphus  mallochi  Curran  1923,  Can.  Ent.  55:  74. 
(Change  of  name). 

Closely  related  to  tarsatus  Zett.  and  sodalis  Will,  but  may  be 
told  readily  from  these  two  species  by  the  black  hairs  on  the 
hind  coxae.  The  female  is  very  characteristic  with  its  extremely 
wide  front.  The  abdominal  spots  of  the  male  are  smaller  than  on 
sodalis  and  scarcely  reach  the  sides.  The  legs  of  the  male  are 
black,  yellowish  to  light  brown  as  follows : the  apical  one-third  to 
one-half  of  the  four  front  femora,  the  tip  of  the  hind  femora,  and 
the  tibiae  except  for  a broad  median  black  ring  on  the  hind  pair. 

Curran  was  correct  in  his  surmise  that  the  male  when  dis- 
covered would  have  black  hairs  on  the  hind  coxae,  if  I am  correct 
in  identifying  a male  before  me  from  Mt.  Rainier,  Wash.,  VII- 
30-33  (Latta).  The  only  females  I have  seen  are  those  mentioned 
by  Curran. 

21.  Epistrophe  nigropilosa  Cur.  (Fig.  22) 

Epistrophe  nigropilosa  Curran  1927,  Amer.  Mus.  Nov.  No. 
247:  12. 

Syrphus  ( Epistrophe ) monachus  Hull  1930,  Trans.  Amer. 
Ent.  Soc.  56 : 141. 

Face  reddish,  slightly  brownish  over  the  tubercle,  pile  black ; 
thorax  dull  olivaceous,  pile  nearly  all  black;  abdomen  shining 
black,  except  the  apex  of  the  fourth  tergite  in  the  female,  and 
small  isolated  reddish  spots  on  third  and  fourth  tergites  in 
the  male. 

A very  distinctive  species  which  belongs  to  the  sodalis  group 
but  easily  separated  by  the  black  pile  on  the  pleura  and  the  dark 
abdomen.  Curran’s  type  was  compared  with  Hull’s  and  the  two 
are  identical. 

22.  Epistrophe  vittafacies  (Cur.)  (Fig.  23) 

Stenosyrphus  vittafacies  Curran  1923,  Occ.  Pap.  Bost. 
Soc.  Nat.  Hist.  5 : 66. 

Face  with  a distinct  black  stripe,  sharply  acute  near  the 
antennae;  eyes  thinly  and  short  pilose;  abdomen  with  three 
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pairs  of  broad  oval  spots  which  very  briefly  reach  the  side 
margins,  their  outer  ends  rounding  to  the  edge.  Length  about 
10  mm. 

Male — Face  yellow  on  the  sides,  stripe  rather  broad  and 
coming  to  a sharp  point  near  the  base  of  the  antennae,  the 
yellow  coated  with  white  pollen  which  encroaches  upon  the 
black,  pile  black;  cheeks  broadly  reddish  brown,  pile  whitish 
below;  frontal  triangle  black,  greyish  pollinose,  the  pile  long 
and  black;  occiput  covered  with  grey  pollen  and  whitish  pile, 
the  cilia  rather  long  and  black  with  a few  yellow  hairs  over- 
hanging the  ocellar  triangle.  Antennae  black,  arista  black. 

Thorax  aeneous,  shining,  somewhat  dulled  on  the  disc,  pile 
long  and  yellowish,  with  black  hairs  along  the  sides  of  the 
mesonotum  and  on  the  mesopleura.  Scutellum  bluish  opal- 
escent, black  at  the  base,  pile  long  and  black,  yellow  basally. 
Legs  nearly  all  black,  the  knees  somewhat  reddish  brown,  on 
the  type  specimen  more  yellowish.  Wings  hyaline,  stigma 
luteous,  squamae  yellowish  to  white,  halteres  slightly  brownish. 

Abdomen  black,  mostly  opaque,  with  three  pairs  of  broad 
oval  yellow  spots  which  scarcely  reach  the  sides  in  the  type 
but  narrowly  so  in  the  Pennsylvania  specimen,  the  outer  ends 
of  the  second  and  third  pairs  distinctly  farther  from  the  bases 
of  the  segments  than  the  middle  of  the  front  margins;  front 
margins  slightly  convex,  almost  straight,  the  hind  margins 
convex ; first  pair  almost  round,  widely  separated,  second  and 
third  pairs  closer  together  and  near  the  bases  of  the  segments ; 
apices  of  the  fourth  and  fifth  tergites  narrowly  yellow,  pile 
of  abdomen  yellow  basally  beyond  alternately  black  and 
yellow ; venter  shining  black  with  the  incisures  broadly  yellow, 
the  basal  bands  of  the  sternites  usually  separated  into  a pair 
of  spots. 

Female — Cheeks  yellow ; pile  of  face  yellow ; front  shining 
blue-black  with  a narrow  grey,  uninterrupted  pollinose  band; 
pile  of  thorax  nearly  all  yellow  to  brownish;  abdominal  spots 
narrower  than  the  male’s,  the  first  pair  elongate  and  usually 
reach  the  sides;  venter  with  the  characteristic  basal  spots  on 
the  sternites. 

Described  from  the  type  male  which  was  collected  at  Hampton, 
N.  H.,  a male  in  the  Metcalf  collection  taken  at  Rockville,  Pa.,  May  1, 
1912,  by  E.  Daecke,  and  three  of  each  sex  from  Kristiania,  Norway, 
May  15,  1922.  The  Norway  specimens  were  kindly  loaned  me  by 
Curran  of  the  American  Museum.  These  appear  identical  to  my 
understanding  of  the  species  and  I have  also  been  unable  to  associ- 
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ate  them  with  any  European  species.  The  drawing  is  made  from 
the  type  which  is  in  the  Boston  Society  of  Natural  History. 

This  species  is  intermediate  between  E.  mentalis  Will,  and  E. 
garretti  Cur.  but  the  male  may  be  told  by  the  stripe  of  the  face, 
the  color  of  the  pile  of  the  thorax,  and  the  broad  oval  spots  on  the 
abdomen. 

The  female  will  be  recognized  with  more  difficulty.  It  may  be 
told  from  E.  garretti  by  the  pale  color  of  the  pile  on  the  face ; and 
from  mentalis  Will,  by  the  spots  on  the  sternites,  and  the  narrower 
spots  on  the  tergites.  As  a general  average  this  species  is  slightly 
larger  than  mentalis  Will. 

23.  Epistrophe  macularis  (Zett.)  (Fig.  24) 

Scaeva  macularis  Zetterstedt  1843,  Dipt.  Scand.  2 : 730. 
Syrphus  macularis  Lundbeck  1916,  Dipt.  Danica  Part 
5 : 284. 

Eyes  hairy,  face  with  a diffused  black  stripe,  abdomen  with 
three  pairs  of  spots  of  which  the  second  and  third  pairs  are 
often  connected  in  the  female,  usually  reach  the  side  margins 
and  are  convex  posteriorly.  Length  10  to  12  mm. 

Male — Face  obscurely  yellow  with  a rather  broad  diffused 
black  stripe  that  does  not  quite  reach  the  antennae,  but  is 
broadly  connected  to  the  reddish  brown  oral  margin  .and 
brown  to  black  cheeks;  frontal  triangle  black  rather  broadly 
coated  with  a pollinose  band  next  to  the  eyes  which  extends 
down  over  the  face  and  less  prominently  over  the  cheeks,  on 
the  face  somewhat  rippled ; pile  of  cheeks  whitish,  of  face  and 
front  black.  Antennae  black;  third  joint  somewhat  reddish 
brown,  arista  dark  brown. 

Thorax  dull  olivaceous,  pile  brownish  to  black,  more  golden 
on  the  pleura ; a small  patch  of  golden  hairs  on  the  anterior 
edge  of  the  pectus;  scutellum  obscurely  yellowish  with  black 
pile. 

Legs  black  to  reddish  brown,  the  extreme  tips  of  the  femora, 
basal  half  of  the  four  front  tibiae  yellowish.  Wings  slightly 
infuscated,  stigma  brown,  squamae  white  with  light  brown 
fringes,  halteres  light  yellow. 

Abdomen  black,  semi-shining,  with  three  pairs  of  broad 
yellow  spots,  slightly  concave  anteriorly,  broadly  convex  pos- 
teriorly, and  reach  the  side  margins  by  their  anterior  corners 
only,  where  they  touch  the  bases  of  the  segments.  Apical 
margins  of  the  fourth  and  fifth  and  the  anterior  corners  of  the 
fifth  yellow.  Venter  obscurely  marked  but  in  general  each 
sternite  has  a broad  black  posterior  triangle  which  protrudes 
forward  to  the  base  of  the  sternite. 
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Female — Quite  similar  with  the  following  exceptions : front 
shining  black  with  an  indefinite  broad  pollinose  crossband 
which  is  partially  interrupted  in  the  middle ; pile  of  the  thorax 
practically  all  golden  and  there  are  a few  yellow  hairs  at  the 
basal  corners  of  the  scutellum;  the  legs  are  more  broadly 
yellowish,  about  one-third  of  the  four  front  femora,  basal  third 
of  the  hind  tibiae  and  all  but  pre-apical  ring  on  the  front 
tibiae  yellow.  Abdominal  spots  similar  but  often  connected, 
narrower  and  are  closer  to  the  basal  margins  of  the  segments. 

Description  from  a pair  from  Waldegg  loaned  through  the 
kindness  of  J .S.  Collin  of  Newmarket,  England,  and  more  than 
50  specimens,  mostly  females,  from  Mt.  Rainier,  Wash.  (Latta), 
July,  1933. 

A female  from  Corvallis,  Oregon  (Ruth  J.  Norberg  collector), 
is  very  similar  except  the  antennae  are  slightly  lighter  in  color, 
there  are  a few  black  hairs  on  the  thorax,  and  the  front  legs  are 
somewhat  more  extensively  yellow.  The  wings  are  quite  decidedly 
infuscated  and  the  stigma  is  brownish  black. 

24.  Epistrophe  nigrifacies  (Cur.)  (Fig.  25) 

Stenosyrphus  nigrifacies  Curran  1923,  Can.  Ent.  55:  62. 

Closely  related  to  E.  macularis  Zett.  but  the  face  is  nearly  all 
black  in  the  male  and  more  than  one-third  black  in  the  female. 
The  abdominal  spots  are  strongly  convex  posteriorly,  the  outer  ends 
attenuated  and  produced  forward  to  the  basal  corners ; occasionally 
the  second  pair  is  narrowly  connected  and  the  first  pair  is  usually 
distinctly  separated  from  the  sides.  The  general  average  size  is 
smaller  than  the  specimens  of  macularis  Zett.  I have  examined. 
The  size  of  nigrifacies  Cur.  ranges  between  7.5  mm.  and  10  mm. 
with  an  average  of  about  8.5  mm. ; macularis  averages  more  than 
10  mm.  A careful  study  of  the  abdominal  spots  shows  that  those 
of  nigrifacies  are  narrower. 

This  species  may  be  separated  from  vittafacies  Cur.  by  the 
darker  face  and  the  shape  of  the  abdominal  spots. 

A common  species  in  the  far  West.  Specimens  have  been 
examined  from  Alaska  (Dyer  and  Kincaid),  British  Columbia, 
Washington,  and  Oregon.  The  type  is  located  in  the  Canadian 
National  Collection. 

25.  Epistrophe  currani  n.  sp.  (Fig.  26) 

Eyes  practically  bare,  only  very  minutely  pilose,  face  with 
a narrow  black  stripe,  hind  femora  black,  abdomen  with  three 
pairs  of  broad  spots,  the  second  and  third  pairs  often  nar- 
rowly connected.  Length  9 to  11  mm. 
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Female — Pace  yellow  with  a narrow,  median  black  stripe 
which  comes  to  a sharp  point  just  beyond  the  depression, 
lightly  pollinose,  pile  mostly  black,  sparse ; upper  oral  margin 
narrowly  black,  lower  margin  broadly  black  to  the  eyes ; cheeks 
reddish,  yellow  beneath  the  mouth,  pile  yellow;  front  black, 
entirely  covered  with  pollen  of  a bronze  luster,  lightly  about 
the  ocelli,  heavier  in  a wide  transverse  band  at  the  depression ; 
only  the  W shining  which  is  yellow  bordered  with  black,  pile 
black;  eyes  very  minutely  short  pilose;  antennae  black,  the 
third  segment  with  a brownish  cast ; arista  black,  thickened  on 
the  basal  half. 

Thorax  semi-shining,  with  a bronze  cast;  pile  all  yellow; 
scutellum  dull  yellow  with  black  pile.  Legs  brownish  black, 
the  four  front  tibiae  and  apical  half  of  their  femora  yellow, 
hind  knees  somewhat  reddish.  Wings  hyaline,  stigma  brown ; 
squamae  and  halteres  yellow. 

Abdomen  semi-shining  black  with  three  pairs  of  broad  spots, 
the  second  and  third  pairs  very  narrowly  interrupted  or  only 
sub-interrupted,  all  the  spots  narrowed  on  their  posterior  mar- 
gins so  they  reach  the  sides  in  one-lialf  their  width,  at  the 
extreme  sides  the  spots  reach  the  basal  corners  of  the  tergites ; 
the  spots  are  unusually  broad,  occupying  nearly  one-half  the 
length  of  the  tergites,  their  inner  ends  broadly  rounded;  api- 
cal margins  of  the  fourth  and  fifth  and  the  basal  corners  of 
the  fifth  yellow.  Venter  yellow,  the  black  markings  elongate 
longitudinally,  those  on  sternites  two  and  three  with  a ten- 
dency to  be  triangular. 

Holotype,  female  Kodiak,  Alaska,  Sept.,  1917,  J.  S.  Hine  col- 
lector. Paratypes,  eleven  females,  all  from  Katmai,  Kodiak,  and 
Savanoski,  Alaska,  July  and  August,  1917  and  1919,  J.  S.  Hine ; 
and  one  female  from  British  Columbia  (Osburn).  Type  and  para- 
types in  the  James  S.  Hine  Collection  of  the  Ohio  State  Museum. 

This  species  is  closest  to  nigrifacies  Curran  but  the  almost  con- 
nected spots  on  the  abdomen  will  distinguish  it.  The  pile  on  the 
eyes  is  also  almost  indiscernible. 

26.  Epistrophe  abruptus  Cur. 

Epistrophe  abruptus  Curran  1924,  Occ.  Papers  Bost.  Soc. 

Nat.  Hist.  5 : 80. 

Eyes  pilose,  oral  margin  and  facial  stripe  black,  abdomen 
entirely  shining  black.  Length  7 mm. 

This  species  is  known  only  by  a single  female  specimen  which 
undoubtedly  is  closely  related  to  merit alis  Will. ; but  the  abdomen, 
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in  addition  to  the  absence  of  yellow  markings,  is  truncate  and  the 
apical  segments  are  turned  up.  In  this  respect  it  resembles  8. 
transversalis  Cur.  and  E.  mediaconstrictus  FL,  but  the  first  is  a 
true  Syrphus  and  the  second  has  bare  eyes  and  a pair  of  spots 
on  the  second  segment. 

The  facial  stripe  is  similar  to  mentalis  Will.,  the  front  is  shin- 
ing black  with  a pair  of  white  side  pollinose  spots;  cheeks  opal- 
escent to  black ; pile  of  thorax  yellow  on  the  disc,  white  on  the 
pleura;  legs  mostly  black,  yellow  on  the  apical  half  of  the  front 
four  femora  and  all  the  front  tibiae  except  a dark  ring;  venter 
black,  each  sternite  with  an  apical  band,  and  at  the  base  of  each 
is  a very  narrow  yellow  line  which  is  quite  characteristic. 

27.  Epistrophe  columbiae  Cur.  (Fig.  27) 

Epistrophe  columbiae  Curran  1924,  Ivans.  Univ.  Sci.  Bui. 

15:  110. 

Syrphus  flavosignatus  Hull  1930,  Trans.  Amer.  Ent.  Soc. 

56:  140. 

Face  with  a large  triangular  median  black  stripe,  eyes  short 
and  sparsely  pilose,  spots  on  the  second  abdominal  tergite  very 
small  or  entirely  absent. 

Male — Face  with  a broad  triangular  black  stripe  which 
reaches  acutely  the  base  of  the  antennae,  the  black  broadening 
to  include  the  oral  margin  and  reaching  the  eyes,  the  sides  of 
the  face  yellow,  covered  lightly  with  pollen  which  encroaches 
on  the  black  except  for  the  black  shining  tubercle,  which  is 
rather  prominent,  pile  black;  cheeks  brownish  to  black,  the 
pile  white  below;  frontal  triangle  black,  heavily  coated  with 
grey  pollen,  pile  black;  vertical  triangle  shining,  pile  black. 
Antennae  black,  the  third  segment  sometimes  brownish ; arista 
black,  short,  thickened  more  than  half  way. 

Thorax  shining  aeneous  with  occasional  metallic  reflections ; 
the  pile  variable,  light  in  color  on  the  narrow  dorsum,  black 
along  the  sides,  usually  brown  or  black  on  the  upper  pleura. 
Scutellum  opalescent  yellowish,  the  base  and  edges  black,  pile 
black  except  for  a few  yellow  basal  hairs.  Legs  almost  en- 
tirely black,  the  knees  only  narrowly  reddish  brown.  Wings 
hyaline,  squamae  yellowish,  halteres  brownish. 

Abdomen  black,  more  shining  than  opaque ; second  tergite 
usually  entirely  black,  if  spots  are  present  they  are  very  small ; 
third  and  fourth  tergites  each  with  a pair  of  narrow  elongate 
spots  situated  on  the  basal  halves  of  the  segments,  widely  sepa- 
rated from  each  other  and  distinctly  separated  from  the  sides, 
their  ends  rounded,  those  on  the  fourth  broader  and  less  dis- 
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tinct  on  the  sides;  apical  margins  of  the  fourth  and  fifth 
narrowly  yellow.  Venter  brownish,  pollinose,  the  incisures 
narrowly  yellow  and  with  a basal  pair  of  indefinite  spots  on 
sternites  three,  pile  mostly  black. 

Female — Cheeks  yellow,  facial  stripe  much  narrower;  front 
shining  aeneous  with  a narrow  transverse  pollinose  stripe 
which  is  scarcely  interrupted;  pile  of  thorax  paler;  spots  on 
second  tergite  of  abdomen  nearly  always  present,  those  on  the 
third  and  fourth  tergites  narrower  than  on  the  male,  slightly 
oblique  in  position. 

Described  from  numerous  specimens  from  Alberta  (Bryant), 
British  Columbia  and  Washington.  Through  the  courtesy  of 
R.  Latta  I have  been  able  to  study  a large  series  from  Sumner, 
Washington.  Hull’s  species  is  undoubtedly  the  same  as  I com- 
pared a paratype  of  columbiae  Cur.  with  Hull’s  type  specimens  at 
Philadelphia. 

Curran  stated  that  the  eyes  of  this  species  are  bare  but  the 
type  and  all  other  specimens  I have  examined  show  short  white 
pile  present.  Hull’s  specimen  is  somewhat  damaged  and  the  pile 
of  the  eyes  is  not  apparent  but  I am  confident  they  are  the  same. 

2 Epistrophe  garretti  Curran.  (Pig.  28) 

Epistrophe  garretti  Curran  1924,  Ivans.  Univ.  Sci.  Bui. 
15 : 109. 

Pace  yellow  with  a very  broad  diffuse  black  stripe,  occupy- 
ing one-third  the  width  of  the  face ; tubercle  prominent. 
Thoracic  pile  intermixed  black  and  tawny;  otherwise  very 
much  like  mentalis  Will.  In  addition  the  abdominal  spots  are 
a trifle  wider  and  the  first  pair  nearly  always  separated  from 
the  side  margins. 

This  species  was  described  from  British  Columbia  and  Alberta 
and  I have  specimens  from  Oregon  and  Alaska  (Aldrich). 

The  females  will  probably  be  difficult  to  recognize,  but  the 
slightly  brownish  cheeks  and  more  prominent  tubercle  will  place 
the  majority.  The  color  of  the  pile  on  the  metanotum  may  not 
always  be  reliable  as  there  seems  to  be  considerable  variation  in 
both  species.  The  spots  on  the  second  segment  are  never  small  or 
obsolete  as  in  columbiae  Cur.  E.  garretti  is  not  nearly  as  common 
as  mentalis. 

29.  Epistrophe  mentalis  (Will.)  (Fig.  29) 

Syrphus  mentalis  Williston  1886,  Synop.  N.  A.  Syrph.  72. 

Pace  with  a distinctive  black  stripe,  usually  less  than  one- 
fourth  the  width  of  the  face,  eyes  short  white  pilose ; pile  of 
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the  metanotum  unicolorous ; abdomen  with  three  pairs  of 
yellowish  transverse  spots.  Length  9 to  10  mm. 

Male — Cheeks  broadly,  oral  margin  broadly,  a median  facial 
stripe,  and  the  frontal  triangle  all  shining  black;  the  rest  of 
the  face  yellowish,  lightly  dusted  along  the  eyes  with  grey 
pollen,  and  the  pile  is  all  black  except  below  on  the  cheeks  and 
on  the  occiput  where  it  is  mostly  yellowish.  The  facial  stripe 
is  quite  definite  in  outline,  widest  just  above  the  tubercle,  and 
coming  to  a sharp  point  before  reaching  the  antennae,  its 
width  is  variable  but  seldom  more  and  usually  less  than  one- 
fourth  the  width  of  the  face.  Antennae  black,  arista  black 
with  extreme  tip  reddish,  sometimes  the  third  segment  reddish 
brown. 

Thorax  shining  black,  the  pile  practically  all  black  or  fus- 
cous, on  the  lower  pleura  light  fuscous;  scutellum  opalescent 
to  black,  the  pile  all  black.  Legs  black,  only  the  knees  on  the 
fore  legs  reddish,  the  front  tibiae  are  sometimes  only  brownish ; 
the  pile  mostly  black.  Wings  dilutely  brownish,  especially, 
anteriorly,  stigma  brown.  Squamae  white  with  light  brown 
fringes,  halteres  yellowish. 

Abdomen  semi-opaque  black  with  three  pairs  of  yellow  spots, 
the  first  oval,  widely  separated,  and  scarcely  reaching  the  side 
margins ; second  and  third  pairs  transverse,  both  margins 
nearly  straight  and  only  obscurely  reach  the  sides ; apical  mar- 
gins of  fourth  and  fifth  tergites  yellow.  Venter  black  shining 
with  the  incisures  broadly  yellow,  the  pile  mostly  black,  a few 
pale  hairs  basally. 

Female — Cheeks  yellow ; facial  stripe  narrower,  wTell  de- 
fined which  connects  with  the  black  oral  margin,  thence  across 
the  face  to  the  facial  groove ; pile  sparse,  pale.  Front  shining 
black  with  narrow  whitish  side  dust  spots,  pile  black. 

Thorax  almost  entirely  whitish  haired.  The  front  legs  with 
the  apical  half,  the  femora  and  practically  all  of  the  tibiae 
reddish,  hind  tibiae  brownish. 

Abdomen  shining,  spots  narrower  than  in  the  male  and  more 
distinctly  reach  the  side  margins.  There  is  also  a pair  of  spots 
in  the  corner  of  the  fifth  tergite. 

Described  from  numerous  specimens  from  British  Columbia, 
Oregon,  Ontario,  and  Wisconsin. 

30.  Epistrophe  gracilis  (Coq.)  (Fig.  30) 

Syrphus  gracilis  Coquillett  1900,  Proc.  Wash.  Acad.  Sci. 

2 : 432. 

Face  yellow  with  a median  black  stripe ; eyes  bare ; abdomen 
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narrow,  with  obscure  pale  markings  on  tergites  two,  three, 
four,  and  five.  Length  7 mm. 

Female — Related  to  mentalis  but  the  eyes  are  bare.  Face 
shining  yellow  with  a broad  median  stripe  which  occupies 
about  one-third  the  width  of  the  face,  edges  distinct,  and  does 
not  quite  reach  base  of  antennae,  pile  black,  tubercle  promi- 
nent; oral  margin  black;  cheeks  reddish  brown  to  black,  pile 
white  below ; front  shining  black  with  a weak  appearing  prui- 
nose  spot  on  each  side,  and  there  is  also  a small  amount  of 
pollen  on  the  sides  of  the  face  next  to  the  eyes,  pile  of  front 
black;  antennae  black. 

Thorax  shining  bluish  black  with  metallic  reflections,  pile 
short  and  white,  sides  very  lightly  pruinose ; scutellum  yellow 
with  black  pile.  Legs  brown  to  black,  the  knees  paler.  Wings 
hyaline  with  a very  light  brownish  tinge,  stigma  light  brown, 
squamae  white  with  darker  edges  and  fringes,  halteres  yellow. 

Abdomen  shining  blue  black  with  the  following  obscure 
yellow  areas : irregular  shaped  pair  of  spots  on  the  second 
tergite,  broader  on  their  inner  ends,  becoming  narrower  and 
reaching  the  side  margins  very  obscurely;  these  spots  are 
almost  obsolete  and  it  is  almost  impossible  to  designate  them 
with  any  distinct  outline ; obscure  basal  spots  on  tergites  three 
to  five,  those  on  three  and  four  not  mentioned  by  Coquillett; 
apical  margins  of  four  and  five  definitely  yellow.  There  is  a 
decided  constriction  to  the  abdomen  about  the  middle  but  this 
may  have  occurred  with  age  and  drying  of  the  specimen. 
Venter  black  with  apical  margins  of  each  sternite  yellow,  the 
basal  margins  broadly  black  except  sternite  two  which  has  a 
yellow  bar;  polished;  pile  very  short,  mostly  pale  in  color. 

Redescribecl  from  the  type  which  was  collected  in  Alaska  and 
is  the  only  specimen  so  far  recorded.  The  narrow  abdomen  readily 
separates  this  species  from  E.  mediaconstrictus  FI.  and  E.  bimacu- 
latus  Lov. 

31.  Epistrophe  nudifrons  Cur. 

Epistrophe  nudifrons  Curran  1924,  Kans.  Univ.  Sci.  Bui. 

15:  104. 

I have  been  unable  to  recognize  this  species.  It  was  described 
from  a single  female  collected  on  the  top  of  Mount  Marcy,  New 
York;  the  original  specimen  of  which  has  been  destroyed  by  der- 
mestids,  only  the  pin  and  labels  remain. 

“Frons  entirely  deep  blue  black,  not  at  all  pollinose;  cheeks 
and  median  facial  stripe  black,  the  former  brownish  or  reddish 
behind ; abdomen  with  three  pairs  of  straight,  rather  narrow  yellow 
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bands  (spots)  which  extend  over  the  side  margins  in  half  their 
width.  ...  It  seems  to  be  related  to  mentalis  Williston.” 

32.  Epistrophe  bimaculata  (Lov.)  (Fig.  31) 

Syrphus  bimaculata  Lovett  1919,  Calif.  Acad.  Sci.  9 : 
244,  fig. 

Face  yellow  with  a narrow,  abbreviated  brown  stripe,  ab- 
domen black  with  only  one  pair  of  yellow  spots,  these  occur 
in  the  second  segment  and  reach  the  sides  in  their  full  width. 
Length  7 to  8 mm. 

Female — Face  yellow  with  a very  narrow  reddish  brown 
stripe  which  reaches  the  oral  margin  but  extends  only  a little 
above  the  low  not  prominent  tubercle,  lightly  coated  with 
pollen  on  the  sides,  the  pile  brownish  to  black,  sparse ; oral 
margin  and  cheeks  brownish,  more  yellowish  below,  the  pile 
pale,  black  near  the  eyes;  front  shining  black,  and,  except  for 
an  arch  above  the  antennae,  covered  with  a broad  band  of 
golden  pollen,  partly  interrupted  above,  this  band  extends 
down  the  sides  to  the  face;  vertex  aeneous,  shining,  lightly 
coated  with  golden  pollen,  pile  of  front  and  vertex  black ; occi- 
put covered  with  grey  pollen  below,  golden  above,  the  pile 
white  becoming  yellow  above,  the  cilia  almost  entirely  golden. 
Antennae  yellow  on  the  basal  segments,  the  third  brown ; arista 
brown,  thickened  about  half  way  to  tip. 

Thorax  shining,  bronze  on  the  dorsum,  bluish  to  aeneous  on 
the  pleura,  the  pile  golden;  scutellum  pure  yellow,  pile  black 
with  yellow  hairs  at  the  base.  Four  front  legs  yellow,  hind 
legs  reddish  brown,  the  femora  yellow  on  the  basal  half. 
Wings  hyaline,  squamae  light  yellow,  halteres  yellow.  Ab- 
domen shining,  oval,  widest  at  the  apex  of  the  second  seg- 
ment; constricted  at  the  base  of  the  fourth  segment;  only  one 
pair  of  yellow  spots  which  are  situated  on  the  second  segment, 
decidedly  oblique,  their  inner  ends  rounded,  their  outer  ends 
reaching  forward  and  to  the  side  margins,  but  touching  the 
basal  corners  of  the  segment ; apices  of  the  fourth  and  fifth 
segments  narrowly  yellow.  Lovett  mentions  the  possibility  of 
a broad  uninterrupted  fascia  on  the  third  and  fourth  tergites, 
but  in  one  specimen  before  me  there  are  evidences  of  very 
narrow,  reddish,  elongate,  interrupted  fascia  on  these  seg- 
ments; there  are  also  indications  of  reddish  basal  spots  on  the 
fifth  tergite.  Venter  shining  black  on  sternites  three  and 
four,  shining  yellow  on  the  rest. 

Described  from  two  females,  one  from  Hope  Mts.,  British 
Columbia,  July  8,  1920,  in  the  Osburn  Collection  and  compared 
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with  the  type  in  the  Museum  of  the  California  Academy  through 
the  courtesy  of  Dr.  E.  P.  Yan  Duzee ; the  other  from  Mt.  Rainier, 
Wash.,  Aug.  3,  1905,  (Aldrich)  contained  in  the  National  Museum 
Collection. 

Since  the  above  was  written  I have  received  a series  of  about 
50  females  from  Mr.  R.  Latta  which  were  collected  on  the  slopes 
of  Mt.  Rainier,  Wash.  A large  number  of  these  specimens  show 
definite,  although  obscure,  narrow  reddish  bands  on  the  third  and 
fourth  tergites,  some  appear  interrupted  others  to  be  entire.  In 
the  entire  lot  no  specimens  of  males  were  found  which  might  be 
associated  with  the  females.  I know  of  no  species  at  present  which 
has  “normal”  females  that  these  forms  might  belong  to.  When 
the  male  is  associated  it  will  be  found  to  have,  I think,  normal 
shape  and  normal  sub-interrupted  yellow  bands  similar  to  con- 
junct us  Osb. 

33.  Epistrophe  me  diaconstr  ictus  Fluke 

Epistrophe  mediaconstrictus  Fluke  1930,  Ann.  Ent.  Soc. 

Amer.  23:  135,  fig. 

Face  yellow  with  a brown  median  stripe;  front  pruinose; 
scutellum  black  haired;  abdomen  constricted  at  the  tip  of  the 
third  segment  and  the  base  of  the  fourth  segment,  only  the 
second  segment  with  a pair  of  spots;  caudal  end  blunt. 

Female — Length,  9 mm.  Face  yellow,  with  a brown  median 
stripe  which  fades  out  before  reaching  the  antennae;  this 
brownish  area  follows  along  the  oral  opening  and  over  the 
cheeks,  but  becomes  gradually  paler;  cheeks  not  as  shining  as 
the  face ; the  pile  of  the  face  is  black  above,  but  becomes  pale 
at  the  brown  stripe  and  around  the  cheeks.  Front  black  with 
two  triangular  pruinose  spots  which  continue  along  eye  mar- 
gins; this  area,  however,  is  distinctly  separated  in  the  middle 
by  a dark  shining  line ; at  the  base  of  the  antennae  there  is  a 
distinct  conspicuous  honey-yellow  crescent ; antennal  pits 
yellow ; pile  of  front  black ; occiput  yellow,  white  below.  Eyes 
bare.  Antennae  brown,  first  segment  almost  yellow,  under- 
side of  others  lighter;  arista  brown,  shorter  than  antennae. 

Thorax  sub-shining  bluish-bronze,  pile  all  light;  scutellum 
translucent  yellow,  the  corners  black ; pile  all  black  except  the 
overhanging  fringe,  which  is  light.  Legs  with  the  basal  half 
of  front  and  middle  femora,  all  but  tip  of  hind  femora,  and  a 
rather  definite  ring  on  hind  tibiae,  black;  rest  of  the  legs 
yellowish  to  brownish.  Pile  of  front  femora  mostly  yellow 
at  base,  blacker  and  shorter  near  tip ; on  middle  femora  the 
pile  is  thicker  and  blacker;  hind  femora  with  short  and  long 
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pile,  mostly  black.  Wings  hyaline,  stigma  brownish,  third 
longitudinal  vein  considerably  curved. 

Abdomen  sub-shining  black  with  one  pair  of  yellow  spots, 
on  the  second  segment;  these  spots  are  widely  separated  and 
do  not  reach  the  lateral  margin;  they  are  rounded  on  their 
median  ends,  but  acute  on  their  outer  ends.  Narrow  yellow 
margins  on  the  apices  of  the  fourth  and  fifth  segments,  which 
do  not  reach  the  sides  of  the  fourth  segment.  There  is  a very 
faint  median  or  opaque  line  on  the  fourth  and  fifth  segments. 
Pile  short  and  black  except  on  yellow  of  second  segment  and 
on  first  segment.  Venter  mostly  black,  yellow  on  the  margins; 
the  pile  long  and  light  on  first  and  second  sternites,  most  of 
the  rest  is  short  black,  and  appressed,  except  longer  on  fifth 
and  sixth  segments. 

The  most  characteristic  feature  of  the  species  is  the  constric- 
tion of  the  abdomen  at  the  base  of  the  fourth  segment.  The 
caudal  end  is  nearly  squared  off  with  the  exception  of  the 
very  narrow  extrusion  of  the  sixth,  seventh,  and  eighth 
segments. 

Described  from  two  females,  the  type  and  a paratype,  both  col- 
lected in  Pingree  Park,  Aug.  16-21,  1925.  Type  in  the  collection 
of  the  University  of  Kansas,  Lawrence,  Ivans. 

Evidently  closely  related  to  E.  bimaculatus  Lov.  but  that 
species,  besides  being  smaller,  has  the  spots  reaching  the  side 
margins. 


34.  Epistrophe  subfasciatus  Cur.  (Fig.  32) 

Epistrophe  subfasciatus  Curran  1924,  Kans.  Univ.  Sci. 

Bui.  15:  111. 

Face  yellow  with  occasionally  a narrow  brown  streak  above 
the  tubercle,  eyes  bare,  abdomen  with  three  pairs  of  spots 
which  generally  reach  the  side  margins.  Length  8 to  9 mm. 

Male — Face  shining  yellow,  with  a prominent  tubercle,  in 
some  specimens  with  a very  narrow  brown  stripe  beginning  on 
the  tubercle  and  ending  well  before  reaching  the  base  of  the 
antennae,  pile  black;  cheeks  reddish  yellow  to  brown  or  even 
black,  pile  black,  white  below  the  mouth,  oral  edge  usually 
very  narrowly  brownish  above ; frontal  triangle  shining  bronze, 
lightly  pollinose  on  the  sides,  pile  black ; antennae  black, 
arista  black;  occiput  narrow  above,  vertical  triangle  shining 
black,  pile  black. 

Thorax  shining  aeneous  with  bronze  reflections,  the  pile 
yellow  on  the  disc,  darker  and  often  black  along  the  sides, 
yellowish  on  the  pleura  but  brownish  just  beneath  the  base  of 
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the  wings ; scutellum  yellow,  the  basal  corners  black,  pile  black, 
often  many  yellow  hairs  basally.  Legs  brownish  to  black,  the 
front  two  pairs  lighter  in  color,  the  tibiae  and  apical  half  of 
the  femora  often  yellowish.  Wings  hyaline,  often  slightly  in- 
fnscated  with  brown ; squamae  yellow,  fringes  brown,  halteres 
yellow,  their  stalks  brown. 

Abdomen  slightly  oval,  mostly  opaque  black  in  mature  speci- 
mens, more  shining  in  teneral  specimens,  with  three  pairs  of 
yellow  spots,  all  reaching  the  sides  except  the  first  pair  which 
may  be  obscured  near  the  edges;  all  the  spots  are  about  the 
same  width  with  the  last  pair  somewhat  narrower  than  the 
others,  their  inner  ends  evenly  rounded,  separated  by  about 
their  respective  widths ; apical  margins  of  the  fourth  and 
fifth  and  the  basal  corners  of  the  fifth  yellow.  Venter  shining 
black,  the  incisures  broadly  white  to  yellowish.  Genitalia 
shining  black. 

Female — Facial  stripe  usually  wanting;  front  shining  blue 
black  with  a very  delicate  narrow  band  of  grey  pollen ; thorax 
more  shining  brassy;  legs  paler;  abdomen  more  shining. 

An  easily  recognized  species  by  the  bare  eyes,  the  yellow  face 
with  its  pinched  tubercle,  brassy  thorax,  and  abdominal  spots  which 
reach  the  sides.  When  the  brown  streak  of  the  face  is  present 
there  is  no  mistaking  it  for  any  other  species.  A rather  common 
species,  and  in  addition  to  the  allotype  I have  examined  specimens 
from  Oregon  (Frewing),  Washington  (Latta),  and  British  Colum- 
bia (Osburn). 

35.  Epistrophe  guttata  (Fall.)  (Fig.  33) 

Scaeva  guttata  Fallen  1817,  Dipt.  Suec.  Syrph.  44. 
Syrphus  flavifrons  Verrall  1873,  Ent.  Mont.  Mag.  9:  256. 
Syrphus  habilis  Snow  1895,  Kans.  Univ.  Sci.  Quart.  3 : 
328. 

Face,  cheeks,  and  frontal  triangle  whitish  to  yellowish ; front 
of  female  with  a median  black  line;  sides  of  thorax  yellow; 
a large  yellow  spot  in  front  of  the  scutellum  which  is  often 
divided;  abdomen  narrow,  each  exposed  segment  with  a pair 
of  white  to  yellowish  spots  which  are  separated  from  the  sides 
except  the  last  pair  and  occasionally  the  next  to  the  last. 
Length  about  8 mm. 

This  is  a small  narrow  species  which  is  easily  recognized  b}^  the 
characters  given  above.  Verrall  states  that  the  yellow  spot  in 
front  of  the  scutellum  is  often  absent  particularly  in  the  male. 
All  the  specimens  which  I have  examined  from  this  country  have 
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this  spot ; this  includes  seven  females  from  Pingree  Park,  Colorado, 
and  a pair  from  the  Hine  Collection  from  Alaska. 

36.  Epistrophe  tenuis  (Osb.)  (Fig.  34) 

Xanthogramma  tenuis  Osburn  1908,  Can.  Ent.  40 : 8. 

Face  yellow,  pile  of  mesonotum  dusky  to  black  between  the 
mesonotal  side  stripes,  obscurely  so  in  the  female ; abdomen 
narrow  with  triangular  side  spots,  eyes  bare.  Length  7 to 
8.5  mm. 

Male — Face  yellow,  pollinose  except  for  a median  shining 
stripe,  pile  black;  oral  margin  brownish  to  black,  pollinose, 
pile  black;  cheeks  brownish  becoming  yellowish  below,  polli- 
nose; pile  white  below,  black  next  to  eyes  and  mouth;  frontal 
triangle  greenish  black,  dull,  with  an  obscure  darker  spot  in 
the  middle  of  the  triangle;  lightly  pollinose,  pile  black,  shin- 
ing area  somewhat  obscurely  yellowish ; antennae  yellow,  upper 
edge  of  the  second  and  upper  half  of  the  third  black;  arista 
black,  gradually  tapering;  occiput  grey  pollinose,  very  thin 
above,  the  cilia  black;  vertical  triangle  black  with  black  pile. 

Thorax  shining  black,  the  side  stripes  almost  obsolete,  pile 
brownish  black,  yellowish  brown  along  the  sides  and  on  the 
pleura ; scutellum  obscurely  yellow,  the  corners  black,  pile 
yellowish  and  rather  long,  occasionally  a few  black  hairs  are 
present  near  the  apical  margin.  Legs  obscurely  yellowish, 
about  three-fourths  of  the  four  front  femora  and  all  the  hind 
legs  except  the  tips  of  the  femora  and  bases  of  the  tibiae  are 
brownish  black;  in  addition  there  is  a small  amount  of  yellow 
at  the  extreme  bases  of  all  the  femora.  The  colors  of  the 
legs  blend  into  each  other  with  no  definite  demarkations. 
The  longer  pile  of  the  legs  is  mostly  black,  the  short  pubes- 
cence yellow.  Wings  hyaline ; squamae,  fringes,  and  halteres 
brownish. 

Abdomen  narrow,  mostly  opaque  black,  with  three  principal 
pairs  of  obscure  yellow  triangular  spots ; which  scarcely  reach 
the  sides,  in  some  specimens  distinctly  separated ; the  first  pair 
widely  separated,  their  inner  ends  acute,  their  outer  edges 
broad  and  extending  forward  so  that  their  fore  margins  are 
concave ; second  and  third  pairs  larger,  inner  ends  rounded, 
situated  close  to  the  bases  of  the  segments ; there  is  also  a very 
small  pair  of  spots  on  the  fifth  segment  but  they  are  often 
metallic.  Venter  mostly  black,  the  incisures  broadly  yellow, 
pile  rather  long  basally,  mostly  yellow,  but  occasionally  some 
black  hairs  near  the  base. 

Female — More  slender,  mostly  shining,  and  considerably 
paler  throughout  ; the  face,  oral  margin,  and  cheeks  nearly  all 
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yellow  although  the  oral  margin  may  be  brownish,  pile  of  face 
and  cheeks  all  yellow;  front  shining  black  with  the  sides  nar- 
rowly yellow  and  dusted  with  yellow  pollen;  mesonotal  pile 
short  and  the  black  pile  may  be  confined  to  just  a narrow  longi- 
tudinal stripe  immediately  adjacent  to  the  lighter  side  margins 
or  practically  absent;  legs  much  paler,  the  four  front  femora 
may  be  brownish  on  their  basal  halves  and  the  hind  legs  with 
dark  rings  on  the  femora  and  tibiae,  occasionally  the  front 
pair  are  all  yellow  as  is  the  case  in  the  type.  In  well  matured 
specimens  the  legs  are  darker.  The  abdominal  spots  similar  to 
those  of  the  male  except  they  always  reach  the  sides  broadly 
on  the  female  and  there  is  a prominent  pair  on  the  fifth 
segment. 

Osburn  originally  described  this  species  in  the  genus  Xantko- 
gramma  but  he  had  at  the  time  only  females  before  him.  Those 
females  on  which  the  black  pile  of  the  thorax  is  practically  absent 
cannot  be  told  specifically  from  triangulifer  Zett.  Since  this  is 
the  case  in  the  type  specimen  it  would  seem  logical  to  make 
Osburn ’s  species  a synonym  and  erect  a new  name  for  the  black 
haired  specimens  but  I have  not  seen  a typical  male  of  triangulifer 
Zett.  from  the  far  West  so  am  disposed  to  consider  these  males  as 
the  other  sex  of  tenuis.  Typical  males  of  this  species  have  been 
collected  as  far  East  as  Orillia,  Ont.,  and  triangulifer  as  far  West 
as  western  Ontario.  I thus  feel  that  the  two  are  amply  distinct. 

Description  based  upon  seven  males  and  eight  females,  from 
British  Columbia,  Idaho,  Alberta,  and  Ontario. 

37.  Epistropke  triangulifer  (Zett.)  (Fig.  35) 

Scaeva  triangulifera  Zetterstedt  1843,  Dipt.  Scand.  2:  737. 
Syrpkus  triangulifer  Yerrall  1901,  Brit.  Flies,  Syrph.  402. 
Syrpkus  oronoensis  Metcalf  1917,  Me.  Ag.  Expt.  Sta.  Bui. 
263:  162. 

Pile  of  thorax  all  yellowy  abdomen  with  three  pairs  of  tri- 
angular yellow  spots. 

This  species  is  a very  close  relative  of  tenuis  Osb.  but  the  males 
may  be  told  readily  by  the  pale  pile  of  the  thorax  and  there  never 
are  any  black  hairs  on  the  thorax  of  the  females,  otherwise  they  are 
almost  indistinguishable.  E.  oronoensis  Metcalf  has  been  con- 
sidered a synonym  of  tenuis  Osb.  but  instead  is  the  same  as  tri- 
angulifer Zett.  I have  examined  the  types  of  both  American 
forms. 
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This  species  is  an  eastern  form  and  I have  before  me  specimens 
from  Ontario,  Quebec,  Maine,  Massachusetts,  and  Wisconsin.  It 
is  quite  common  in  Door  County,  Wisconsin.  Through  the 
courtesy  of  J.  E.  Collin  of  Newmarket,  England,  I have  been  able 
to  study  a pair  from  Europe. 

38.  Epistrophe  arctica  (Zett.)  (Fig.  36) 

Scaeva  arctica  Zetterstedt  1838,  Ins.  Lapp.  608. 
Melanostoma  glacialis  Johnson  1898,  Ent.  News  9 : 18. 
Melanostoma  cherokeenensis  Jones  1917,  Ann.  Ent.  Soc. 

Amer.  10:  219  (in  part). 

A dark  species.  Face  largely  black  with  a prominent  tuber- 
cle, eyes  bare,  halteres  brownish,  abdomen  with  three  pairs 
of  yellow  spots  which  are  usually  all  separated  from  the  side 
margins.  Length  8 to  8.5  mm. 

Male — Face  mostly  black  with  sides  above  occasionally  ob- 
scurely yellow,  all  but  the  prominent  tubercle  covered  with 
grey  to  yellow  pollen,  pile  all  black ; cheeks  more  brownish  the 
pile  yellow;  frontal  triangle  black,  covered  with  pollen  and 
black  pile;  antennae  black,  the  third  segment  sometimes 
brownish;  arista  short,  black;  vertical  triangle  black  with 
black  pile;  occiput  covered  with  grey  pollen  and  wdiite  pile, 
the  cilia  black  turning  to  yellow  near  the  ocelli. 

Thorax  somewhat  dull,  with  two  very  faint  pollinose  stripes 
on  the  disc  in  front;  pile  black,  sometimes  brownish  along  the 
sides,  becoming  rusty  brown  on  the  pleura ; scutellum  obscurely 
yellow,  the  corners  black,  pile  black,  sometimes  pale  hairs  near 
the  base.  Legs  black,  the  knees  obscurely  reddish  brown ; pile 
mostly  black,  a few  yellow  hairs  on  the  femora.  Wings  very 
dilntely  brownish,  the  stigma  darker;  squamae  yellowish 
brown,  the  fringe  darker;  halteres  brownish. 

Abdomen  semi-opaque  black  wfith  three  pairs  of  yellow 
spots;  first  pair  small,  semi-triangular,  widely  separated  from 
each  other  and  from  the  sides;  second  and  third  pairs  almost 
quadrate,  separated  from  the  sides  and  basal  margins  about 
the  same  distance,  their  inner  and  outer  margins  gently 
rounded,  the  third  pair  narrower  than  the  second ; apical  mar- 
gin of  the  fourth,  the  very  thin  apical  margin  of  the  fifth, 
and  basal  corners  of  the  fifth  yellow.  Venter  pollinose,  the 
apical  margins  and  basal  areas  obscurely  whitish,  pile  mostly 
yellowish;  genitalia  black. 

Female — Similar;  the  face  more  yellow  but  the  stripe  is 
seldom  distinct  and  always  covers  at  least  two-thirds  the  width 
of  the  face;  cheeks  paler;  front  shining  aeneous,  entirely 
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covered  with  rusty  pollen  with  a heavier  transverse  band  about 
the  middle,  the  W shining  black;  pile  of  thorax  lighter  in 
color,  often  becoming  yellowish  on  the  pleura;  legs  lighter  in 
color,  the  knees  more  yellowish  red;  abdomen  more  shining, 
the  basal  pair  of  spots  larger  but  do  not  reach  the  sides,  the 
second  and  third  pairs  obscurely  reach  the  side  margins  in 
one-half  or  less  of  their  width,  frequently  obscured  with 
pollen;  venter  often  yellowish  red  but  covered  with  pollen  as 
in  the  male. 

Described  from  numerous  specimens  including  those  collected 
by  J.  S.  Hine  and  J.  M.  Aldrich  in  Alaska,  R.  C.  Osburn  in  British 
Columbia,  and  three  speecimens  of  the  Kincaid  material  of  the 
Harriman  Alaska  Expedition.  Occurs  also  in  Colorado. 

It  is  easily  recognized  by  the  produced  tubercle  and  black  of 
the  face  and  the  brownish  halteres;  the  small  spots  on  the  second 
segment  of  the  abdomen  aids  in  placing  the  male.  I feel  that  there 
is  no  doubt  about  the  synonomy  even  though  I have  not  compared 
the  specimens  with  European  material.  If  the  American  speci- 
mens should  happen  to  prove  distinct  they  should  be  referred  to 
E.  glacialis  (John). 

Jones  described  his  species  from  one  female  and  two  males,  a 
side  view  of  the  head  of  which  he  has  figured  in  his  Colorado 
Syrphidae  (Colo.  Ag.  Expt.  Sta.  Bui.  269).  The  female  is  the 
same  as  arctica  Zett.  but  the  males  are  a good  species  which  was 
described  later  by  Curran  as  E.  remotus. 

39.  Epistrophe  geniculatus  (Macq.)  (Fig.  37) 

Syrphus  geniculatus  Macquart  1842,  Dipt.  Exot.  2 : 101 ; 

Williston  1886,  N.  Amer.  Syrph.  84. 

Very  similar  to  arcticus  Zett.  but  differs  as  follows:  slightly 
smaller,  facial  tubercle  prominent  but  smaller  and  more  pinched, 
pile  of  pleura  brownish,  thorax  with  a more  aeneous  cast,  halteres 
yellowish,  squamae  light  brown,  second  pair  of  spots  narrower  and 
reach  the  sides.  The  two  specimens  I associate  definitely  with 
geniculatus  were  collected  on  the  top  of  Mt.  Marcy,  New  York 
(W.  T.  M.  Forbes)  . The  prominent  tubercle  will  readily  associate 
it  with  arcticus.  The  facial  tubercle  and  bare  eyes  will  separate 
the  female  from  columhiae,  a species  it  resembles  somewhat  by  the 
triangular  stripe  on  the  face. 

40.  Epistrophe  umbellatarum  (Fab.)  (Fig.  38) 

Syrphus  uml) ellat arum  Fabricius  1794,  Ent.  Syst.  4:  307; 

Yerrall  1901,  Brit.  Flies  Syrph.  409. 
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Epistrophe  umbellatarum  Curran  1924,  Kans.  Univ.  Sci. 

Bui.  15 : 171,  fig.  Ques.  occur,  in  N.  A. 

Antennae  entirely  black,  face  with  a median  black  stripe 
connected  with  the  black  oral  margin  and  over  to  the  eyes 
above  the  cheeks  which  are  reddish ; abdomen  with  three  pairs 
of  spots,  the  first  pair  reaching  the  side  margins,  thorax 
brightly  shining.  Length  about  10  mm. 

Male — Face  yellow  with  a narrow  median  black  stripe  which 
is  usually  semi-shining,  this  stripe  connected  with  the  oral 
margin  and  reaches  across  the  lower  part  of  the  face  to  the 
eyes  but  is  considerably  obscured  by  whitish  pollen  which  gives 
this  area  a bluish  cast;  all  but  the  stripe  of  the  face  heavily 
coated  with  whitish  pollen ; cheeks  reddish  to  yellowish,  lightly 
pollinose ; frontal  triangle  greenish  black,  covered  with  yellow 
to  brownish  pollen,  the  W reddish,  bordered  with  black,  pile 
black  which  continues  down  the  sides  to  half  way  to  the  cheeks, 
rest  of  pile  of  face  and  cheeks  whitish;  vertical  triangle  black, 
pile  black;  occiput  heavily  white  pollinose,  the  pile  black, 
about  a dozen  black  cilia  overhanging  the  eyes;  antennae  all 
black,  arista  black,  enlarged  on  the  basal  one-half ; eyes  bare. 

Thorax  shining  aeneous,  heavily  pollinose  on  the  humeri, 
lightly  at  the  suture,  heavily  on  the  pleura,  the  pile  yellow  to 
brown,  a few  darker  hairs  along  the  sides  of  the  disc ; scutellum 
shining  yellow,  the  corners  black,  pile  long  and  black.  Legs 
black,  tips  of  the  femora,  basal  tip  of  hind  tibiae  and  four 
front  tibiae,  except  for  a preapical  dark  ring,  yellow,  pile 
* mostly  all  yellow.  Wings  hyaline ; squamae  white,  fringes 
yellow,  lialteres  yellow. 

Abdomen  opaque  black  with  three  pairs  of  yellow  spots ; first 
segment  shining  aeneous,  second  with  large  triangular  spots 
which  attenuate  and  reach  the  sides  but  are  distinctly  sepa- 
rated from  the  base  of  the  segment,  situated  a little  in  front 
of  the  middle  of  the  segment  separated  by  a trifle  less  than 
their  greatest  width,  their  inner  ends  rounded;  spots  on  third 
and  fourth  segments  quadrate,  about  one-third  as  wide  as  the 
respective  segment,  the  last  pair  narrower;  their  inner  and 
outer  ends  rounded  and  do  not  reach  the  sides  nor  touch  the 
bases  of  their  respective  segments;  apical  margins  of  fourth 
and  fifth,  and  the  basal  corners  of  the  fifth  yellow.  Venter  on 
the  specimens  before  me  are  obscure  yellow  with  indefinite 
black  markings  but  are  distinctly  very  lightly  pollinose ; the 
first  and  second  sternites  are  largely  yellow. 

Female — Similar  except  there  is  no  black  stripe  from  mouth 
to  eyes ; the  front  has  a very  wide  and  heavy  greyish  pollinose 
band ; thoracal  pile  is  lighter,  more  heavily  pollinose  in  front 
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of  the  suture,  legs  are  paler  on  two  front  pair;  first  pair  ab- 
dominal spots  broader  and  touch  distinctly  the  base  of  the  seg- 
ment, about  twice  as  wide  as  the  next  pair,  and  go  over  the 
sides  in  nearly  their  full  width ; the  next  two  pairs  also  do  not 
reach  the  side  margins ; venter  distinctively  marked ; first  ster- 
nite  yellow;  second  yellow  with  a poorly  marked  black  band; 
third,  fourth,  and  fifth  black  with  a narrow  apical  yellow  band 
and  a basal  spot  which  does  not  reach  the  sides  and  wdth  a very 
narrow  median  black  line  across  the  first  two. 

Described  from  a pair  from  England  loaned  through  the  kind- 
ness of  J.  E.  Collin.  I have  also  six  specimens  from  North  America 
before  me:  a male  and  three  females  from  Alaska  (J.  S.  Hine), 
one  female  from  Oregon  (G.  P.  Moznette),  and  a male  from  Van- 
couver (Osburn)  which  apparently  belongs  here  although  it  does 
not  agree  in  every  respect  with  the  European  specimen. 

This  species  will  be  recognized  by  the  shining  thorax  and  the 
wide  pair  of  spots  on  the  second  segment  which  reach  the  side 
margins. 

41.  Epistrophe  fisherii  (Walt.)  (Pig.  39) 

Syrphus  fisherii  Walton  1911,  Ent.  News  22:  319,  fig; 

Metcalf  1916,  Jour.  Elisha  Mitchell  Sci.  Soc.  (Dec.) 

101,  male. 

Pace  whitish  yellow  with  a median  black  stripe ; cheeks  and 
jowls  yellow;  facial  pile  yellowish,  black  on  the  antennal 
corners ; frontal  triangle  greenish  black,  pollinose  on  the  sides ; 
thorax  brightly  shining,  the  pile  tawny  on  male,  darker  along 
the  sides,  white  on  female;  two  front  femora  black  on  basal 
half,  hind  legs  all  black  except  knees;  abdomen  with  three 
pairs  of  whitish  quadrate  spots,  the  first  pair  almost  quadrate 
and  more  than  twice  as  wide  as  the  others,  all  reach  the  sides ; 
first  pair  of  spots  on  the  female  touch  the  basal  margin  of  the 
segment  and  are  narrowly  interrupted ; venter  black  with 
yellow  incisures.  Length  8 to  9 mm. 

An  easily  recognized  species  by  its  large  basal  quadrate  spots 
on  the  second  segment  of  the  abdomen.  It  is  closely  related  to 
umhellatarum  but  in  that  species  the  pile  of  the  face  is  darker  and 
the  first  pair  of  spots  rounded  on  their  inner  corners.  There 
should  be  no  confusion  with  E.  diver sipunctatus  Cur.  in  which  the 
abdominal  spots  do  not  reach  the  sides. 

This  species  was  originally  described  from  Pennsylvania  and 
since  recorded  from  most  of  the  northeastern  states  and  as  far 
west  as  Wisconsin.  The  type  is  located  at  Washington. 
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42.  Epistrophe  compositarum  (Ver.).  (Fig.  40) 

Syrphus  compositarum  Yerrall  1873,  Ent.  Mont.  Mag.  9 : 
254;  1901  Brit.  Flies,  Syrph.  412,  fig. 

Related  to  umbellatarum  but  the  abdominal  spots  are  isolated, 
the  first  pair  small  and  oval  in  the  male,  longer  in  the  female ; the 
thorax  dullish  green  in  color;  the  legs  almost  entirely  black,  only 
the  front  knees  yellowish ; venter  pollinose  with  dull  yellow  basal 
spots  on  the  principal  sternites.  E.  pullulus  Sn.  is  also  a close 
relative  but  in  this  species  the  basal  spots  are  triangular,  the  thorax 
blackish  and  semi-sliining,  and  the  front  legs  are  paler. 

I record  this  species  as  North  American  with  some  doubt  on  a 
single  specimen  from  Newfoundland  (Schafer).  The  notes  above 
and  the  drawing  were  taken  from  European  specimens. 

43.  Epistrophe  diver sipunctatus  Cur.  (Fig.  41) 

Epistrophe  diver  sipunctatus  Curran  1924,  Kans.  Univ. 
Sci.  Bui.  15 : 106,  fig. 

Antennae  black,  arista  of  female  without  basal  constriction; 
eyes  bare;  face  yellow  with  a black  stripe  which  does  not  con- 
nect across  the  face  to  the  eyes;  cheeks  and  lower  mouth  edge 
yellow,  front  with  a broad,  grey  pollinose  band;  thorax  shin- 
ing, pile  yellowish,  white  on  the  sides;  abdomen  with  three 
pairs  of  yellow  spots ; in  the  male  none  reach  the  side  margins 
and  the  first  pair  distinctly  wider  than  the  others;  in  the 
female  the  first  pair  of  spots  about  the  same  width  as  the 
others  and  reach  the  side  margins  but  not  the  base  of  the  seg- 
ment, second  and  third  pairs  separated  from  the  sides. 

The  species  is  entirely  like  albipunctatus  Cur.  except  for  the 
yellow  sides  of  the  face  in  the  male  and  the  gradually  tapering 
arista  of  the  female.  I have  examined  the  types  and  have  seen  in 
addition  seven  females,  one  from  Saddleback  Lake,  Me.,  and  the 
others  without  locality  labels. 

44.  Epistrophe  albipunctatus  Cur.  (Fig.  42) 

Epistrophe  albipunctatus  Curran  1924,  Kans.  Univ.  Sci. 
Bui.  15 : 104,  fig. 

Very  similar  to  umbellatarum  Sch.  but  the  male  may  be  told 
by  the  slightly  narrower  first  pair  of  spots  which  do  not  reach  the 
sides  and  the  antennae  are  frequently  somewhat  reddish  below  on 
the  third  segment  although  many  are  entirely  black.  The  female 
has  the  first  pair  of  spots  also  somewhat  narrower  and  they  are 
never  adjacent  to  the  basal  suture  although  they  do  reach  the 
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sides;  the  frontal  pollinose  band  is  considerably  narrower  than  on 
umbellatarum. 

This  species  is  also  exceedingly  like  diver sipunctatus  Cur.  but 
the  male  may  be  told  by  the  black  area  reaching  from  the  mouth 
to  the  eyes  and  the  arista  of  the  female  is  always  narrower  near 
the  base  than  it  is  a third  of  the  way  out.  I have  examined  a 
rather  large  series  of  these  two  species  but  am  not  entirely  satisfied 
that  the  characters  used  are  constant.  Species  in  this  group,  while 
appearing  similar  enough  to  be  one  and  the  same  species,  are  really 
distinct,  since  specimens  from  the  same  locality  are  decidedly  uni- 
form. Geographical  races  might  be  suggested  but  I am  unwilling 
to  accept  this  idea. 

Specimens  before  me  are  from  Alaska  (Hine,  Aldrich,  and 
Wickham),  Colorado  and  Idaho  (Aldrich),  and  British  Columbia 
(Osburn) . 

45.  Epistrophe  pullulus  (Snow)  (Fig.  43) 

Syrphus  pullulus  Snow  1895,  Kans.  Univ.  Sci.  Quart.  3 : 
237. 

Sides  of  mesonotum  with  black  pile,  only  a few  black  hairs 
present  on  the  female;  first  abdominal  segment  bluish  on  the 
sides,  second  of  the  male  with  a pair  of  triangular  yellow  spots 
separated  by  about  two  times  their  greatest  width;  female 
without  triangular  projections  on  the  black  markings  on  the 
sternites.  Length  about  9 mm. 

Male — Face  yellow,  whitish  pollinose,  a black  shining  stripe 
which  ends  in  a point  just  above  the  depression  and  connects 
with  the  black  border  of  the  mouth  and  then  extends  across  to 
the  eyes,  pile  black ; cheeks  below  reddish,  pile  white ; frontal 
triangle  black  but  heavily  coated  with  white  pollen  which  be- 
comes rusty  in  the  middle,  the  W reddish  and  bordered  by 
black,  pile  black;  antennae  black,  the  arista  black,  not  much 
longer  than  the  antennae ; vertical  triangle  blue  black  with 
black  pile,  almost  triangular  in  shape ; upper  occiput  very 
thin,  the  cilia  black. 

Thorax  semi-dull,  blue  black  on  the  sides,  bronze  on  the 
disc ; the  pile  yellowish,  becoming  black  along  the  sides  of  the 
mesonotum ; pleura  pollinose,  the  pile  brownish ; the  pleura  has 
a bluish  cast  due  to  pollen,  scutellum  yellow,  corners  black,  pile 
long  and  black.  Legs  reddish  browm  to  black,  the  hind  knees 
very  narrowly  yellow,  the  other  knees  more  broadly  yellow, 
often  the  tibiae  yellowish  on  the  basal  half.  Wings  luteous, 
the  stigma  light  brown ; squamae  and  halteres  light  brown. 

Abdomen  mostly  opaque  black ; first  segment  shining  bluish ; 
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second  segment  with  a pair  of  triangular  yellow  spots,  nar- 
rower than  the  others  and  separated  from  each  other  by  two 
times  their  greatest  width  and  do  not  reach  the  sides;  spots 
on  segment  three  quadrate,  ends  gently  rounder,  the  outer 
ones  practically  reaching  the  sides  although  often  separate, 
situated  on  the  anterior  half  of  the  segment;  next  segment 
with  a pair  of  similar,  although  slightly  smaller,  spots ; apical 
margins  of  the  fourth  and  fifth  and  the  basal  corners  of  the 
fifth  yellow.  Venter  black,  heavily  pollinose,  the  incisures 
showing  weakly  yellow  with  basal  spots  on  sternite  four. 
Genitalia  black,  the  styles  often  reddish  or  yellow. 

Female — Face  white,  facial  stripe  bordered  with  reddish, 
only  the  upper  half  of  the  mouth  edge  brownish,  cheeks 
creamy,  pile  all  pale  on  the  face ; front  shining  black,  with  a 
moderately  broad  pollinose  band  which  is  slightly  interrupted ; 
arista  yellowish  at  the  tip.  Thorax  not  so  dull,  more  bluish; 
scutellar  pile  nearly  all  yellow ; black  hairs  apically,  legs  paler 
than  the  males;  the  front  two  pair  all  yellow  except  the  basal 
one-third  to  one-half  of  the  femora,  and  the  apical  segments 
of  the  tarsi.  First  pair  of  spots  on  the  abdomen  slightly 
wider  than  the  others  and  occasionally  reach  the  sides  in 
nearly  their  full  width ; second  and  third  pairs  reach  the  sides 
only  by  the  edges  of  their  rounded  ends.  Venter  without  any 
projections  on  the  black  markings. 

Described  from  five  males:  one  from  New  Mexico  (Townsend), 
one  from  Colorado,  two  from  British  Columbia  (Osburn),  and  one 
from  Alberta ; and  three  females : two  from  Colorado  and  one  with- 
out locality  label. 

I am  sure  of  these  males  but  not  sure  of  the  females.  The 
series  is  not  long  enough  to  make  a definite  decision.  Snow’s  types 
are  all  males  which  came  from  the  Magdelena  Mountains  of  New 
Mexico.  E.  cherokeenensis  Jones  is  closely  related  and  may  not 
be  distinct. 

I have  also  several  specimens  from  Maine,  both  males  and 
females,  which  show  no  essential  differences  and  I am  inclined  to 
believe  this  species  has  cross-continental  distribution.  At  first  I 
had  tentatively  assigned  the  Maine  specimens  to  sexquadratus  Wk. 
but  I am  more  inclined  to  believe  they  are  the  same  as  pullulus  Sn. 

46.  Epistrophe  cherokeenensis  (Jones)  (Fig.  44) 

Melanostoma  cherokeenensis  Jones  1917,  Ann.  Ent.  Soc. 

Amer.  10:  219  (In  part). 

Epistrophe  remotus  Curran  1924,  Kans.  Univ.  Sci.  Bui. 
15:  108. 
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Pile  on  the  sides  of  the  mesonotum  black,  sparsely  so  on  the 
female;  first  pair  of  spots  of  abdomen  on  male  very  small  and 
triangular  in  shape.  Length  about  9 mm. 

Male — Face  yellow  with  a narrow  black  stripe  which  comes 
to  a point  below  the  antennae  but  above  the  depression,  tuber- 
cle long  and  rather  flat,  sides  of  face  heavily  whitish  pollinose, 
pile  black  with  a few  paler  hairs  near  tubercle;  oral  margin 
black  but  the  cheeks  yellowish  to  reddish  below  and  for  about 
three-fourths  of  the  distance  up  the  sides  of  the  mouth  open- 
ing, pile  pale  below,  darker  on  jowls;  frontal  triangle  black, 
pollinose  along  the  eyes,  the  W reddish,  pile  long  and  black ; 
vertical  triangle  almost  equilateral,  the  pile  black ; occiput  very 
thin  above,  the  ciliae  long  and  black ; antennae  black,  the  arista 
black  and  thickened  on  the  basal  half ; eyes  bare. 

Thorax  semi-shining  black  with  a bluish  cast  on  the  sides, 
very  little  pollinose  except  on  the  pleura;  pile  yellow  on  the 
disc  of  the  mesonotum,  black  along  the  sides,  brownish  to  black 
on  the  upper  part  of  the  pleura;  scutellum  dull  yellow,  basal 
corners  black,  pile  sparse  but  rather  long  and  black,  a few 
yellow  hairs  intermixed  toward  the  base.  Legs  black,  the 
front  two  pair  of  femora  yellow  at  the  apical  third,  only  the 
apex  of  the  hind  pair  yellow ; four  front  tibiae  and  metatarsus 
yellow  except  for  a preapical  dark  ring  on  the  tibiae,  hind 
tibiae  brownish  at  the  apex.  Wings  hyaline,  stigma  very 
little  darker;  squamae  yellow,  the  fringes  brown;  halteres 
yellow,  stalk  darker. 

Abdomen  opaque  black,  the  first  segment  only  shining ; 
second  segment  with  a pair  of  small  triangular  yellow  spots, 
situated  about  the  middle  of  the  segment  and  separated  from 
each  other  by  nearly  three  times  their  greatest  width;  third 
segment  with  a pair  of  nearly  quadrate  yellow  spots  about  two 
times  as  long  as  wide  and  separated  by  a little  more  than  their 
width;  fourth  segment  with  a similar  pair,  slightly  narrower 
and  closer  to  the  base  of  the  segment ; none  of  the  spots  reach 
the  sides ; apical  margins  of  the  fourth  and  fifth  segments 
narrowly  yellow.  Sternites  bluish  pruinose,  the  apical  mar- 
gins narrowly  whitish;  in  some  specimens  there  is  evidence 
of  basal  yellow  spots  on  each  principal  sternite. 

Female — Paler,  the  facial  stripe  narrower,  the  pile  all  pale ; 
oral  margin  brownish  only  narrowly  above ; cheeks  all  yellow ; 
front  with  a broad  pollinose  band  which  is  whitish  on  the  sides 
and  becomes  rusty  near  the  middle  where  it  is  briefly  inter- 
rupted; only  a few  of  the  occipital  ciliae  black. 

Thoracic  pile  all  whitish  except  for  a few  black  hairs  just 
above  the  wing  bases,  pleura  more  heavily  pollinose. 
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Abdominal  spots  on  the  second  segment  a little  in  front  of 
the  middle  of  the  segment  and  usually  reach  the  sides  in  about 
one-half  their  width  although  they  often  do  not  reach  the  edges 
at  all ; other  spots  a trifle  longer  but  usually  do  not  touch  the 
edges ; there  are  small  yellow  spots  in  the  basal  corners  of  the 
fifth  segment;  while  the  venter  is  pruinose  the  basal  yellow 
spots  on  the  sternites  are  nearly  always  evident. 

Described  from  a rather  large  series  from  New  Mexico  (Klots 
1932),  Colorado  (1932),  British  Columbia  (Osburn),  Oregon 
(Lovett),  and  Ontario  (Waugh). 

I am  not  at  all  sure  that  this  species  is  enough  different  from 
pullulus  Sn.  to  be  considered  more  than  a variety.  Snow’s  types 
are  all  males  in  rather  poor  condition.  A rather  large  series  of 
males  and  females  were  taken  at  the  same  time  in  Pingree  Park, 
Colorado,  and  again  in  Sante  Fe,  New  Mexico  (Klots),  and  among 
them  is  only  one  female  that  is  assigned  to  pullulus  Sn.  Whether 
the  differences  mentioned  in  the  key  will  always  hold  true  or  not 
I am  unable  to  say.  The  forty  specimens  assigned  to  chero- 
keenensis  Jones  are  a homogeneous  lot  which  can  be  readily  recog- 
nized by  the  small  triangular  spots  on  the  second  segment  of  the 
male  and  the  black  hairs  on  the  thorax  of  both  sexes.  The  female 
may  occasionally  be  confused  with  albipunctatus  Cur.  but  in  this 
species  the  thorax  is  more  shining,  the  pile  of  the  thorax  all  yel- 
lowish, and  the  first  pair  of  spots  reach  the  sides  broadly.  The 
first  pair  of  spots  on  cherokeenensis  female  never  touch  the  basal 
margins  of  the  segment  as  they  do  in  umbellatarum  Fab. 

Curran’s  type  is  a female  and  the  types  of  the  other  two  species 
are  males.  The  female  mentioned  by  Jones  is  the  same  as  arcti- 
cus  Zett. 

Ischyrosyrphus  Bigot 

Bull.  Soc.  Ent.  France  (6)  No.  2,  68;  1882.  Verrall,  British 
Flies,  Syrph.  321. 

This  genus  is  scarcely  separable  from  Epistrophe  as  the  prin- 
cipal characteristics,  namely  the  large  basal  abdominal  spots  and 
hairy  eyes,  are  not  at  times  even  reliable  for  specific  determination. 
In  this  particular  instance,  however,  the  slender  abdomen  along 
with  the  other  characters  enables  us  to  recognize  the  group,  but 
perhaps  with  no  more  than  sub-generic  rank.  The  American 
species  do  not  have  the  basal  spots  narrowly  contiguous  anteriorly 
yet  are  near  enough  to  the  European  species  to  be  considered  with 
them.  The  two  species  occurring  in  North  America  may  be  sepa- 
rated as  follows : 
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Hind  femora  entirely  black  or  brownish, 

hairs  of  mesonotum  partly  black  velutinus  Will. 

Hind  femora  yellow  at  tips,  hairs  of  thorax 

all  yellowish  or  whitish  xylotoides  John. 


47.  Epistrophe  ( Ischyrosyrphus ) xylotoides  (John.) 

Syrphus  xylotoides  Johnson  1916,  Psyche  23:  80. 

Face  yellow  with  a brown  narrow  stripe ; thoracal  pile  yel- 
low to  whitish,  hind  legs  not  entirely  black,  metasternum  bare ; 
abdomen  narrow,  cylindrical,  with  a pair  of  large  quadrate 
spots  on  the  second  tergite.  Eyes  hairy.  Length  11  mm. 

Female — A narrow  brown  stripe  on  the  face  scarcely  reaches 
the  mouth  and  comes  to  a point  before  reaching  the  antennae, 
face  heavily  coated  with  white  pollen  which  extends  up  along 
the  eyes  to  the  front  and  connects  very  narrowly  with  the 
pollen  on  the  occiput,  pile  of  face  white;  cheeks  yellow  with 
light-colored  pile;  upper  mouth  edge  narrowly  black,  with  a 
stripe  on  the  sides  reaching  over  to  the  eyes;  front  greenish 
black  with  black  pile,  antennae  black,  third  joint  as  long  as 
first  two  together,  arista  black. 

Thorax  semi-shining  bine  black  with  two  median  grey  polli- 
nose  stripes  anteriorly  and  heavily  pollinose  on  the  sides  in 
front  of  the  suture,  pleura  pollinose,  pile  of  disc  all  yellow, 
of  the  pleura  white ; scutellum  dark,  opalescent  to  yellow  on 
the  edges,  pile  white. 

Legs  yellow;  basal  one-third  of  the  front  four  femora,  all 
but  the  tip  of  the  hind  femora,  the  hind  tibiae  and  tarsi,  and 
apical  rings  on  the  front  tibiae  black;  front  tarsi  dark  above. 
Wings  hyaline,  stigma  brown.  Squamae  yellow,  bases  dark 
brown,  halteres  yellow,  the  stalks  brown. 

Abdomen  narrow,  cylindrical,  the  sides  nearly  parallel  with 
a pair  of  large  yellow  basal  spots  on  the  second  tergite  which 
occupy  more  than  three-fourths  of  the  segment  and  are  sepa- 
rated by  a thin  black  line,  and  reach  the  sides  in  their  full 
width ; next  two  tergites  each  with  narrow,  nearly  basal,  hoary 
spots.  First  and  second  sternites  and  anterior  corners  of 
third  yellow ; rest  black. 

Male — Very  similar  but  the  spots  on  the  second  tergite  are 
smaller  and  separated  by  a wider  black  line.  The  frontal 
triangle  is  black,  the  sides  pollinose. 

Described  from  the  types  and  four  additional  specimens,  two 
of  them  males,  all  from  Massachusetts  and  Connecticut. 

This  species  comes  within  the  limits  of  Ischyrosyrphus  and  is 
very  closely  related  to  velutinus  Will.  The  pile  of  the  thorax, 
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however,  is  all  pale,  the  legs  more  yellow,  and  the  abdomen  is  much 
narrower  and  more  cylindrical.  Type  in  the  Boston  Society  of 
Natural  History. 

48.  Epistrophe  ( Ischyrosyrphus ) velutinus  (Will)  Fig.  45) 

Syrphus  velutinus  Williston  1882,  Proc.  Amer.  Phil.  Soc. 
20:  314;  N.  A.  Syrpli.  73. 

Ischyrosyrphus  tricolor  Big.  1884,  Ann.  Soc.  Ent.  de 
France,  Part  24:  73. 

This  species  is  entirely  like  the  description  given  for  xylotoides 
John,  except  for  the  wider  more  oval  abdomen,  the  darker  hairs 
on  the  disc  of  the  thorax,  the  more  extensively  black  front  four 
femora,  and  entirely  black  hind  legs.  It  is  a western  form  re- 
corded from  Oregon,  Alaska,  British  Columbia,  and  I have  seen 
specimens  from  Washington. 

This  species  certainly  is  very  much  like  I.  laternarius  Mull,  of 
Europe  but  the  spots  on  the  second  tergite  of  the  former  are  more 
widely  separated;  those  on  the  European  species  are  only  sub- 
interrupted. 

Species  unrecognized  which  have  been  recorded  from  America 
north  of  Mexico : 

Syrphus  ( Epistrophe ) sex-quadratus  Walker  1849,  List, 
586.  (Maine). 

Syrphus  ( Epistrophe ) maculifrons  Bigot  1884,  Ann.  Soc. 
Ent.  France,  89.  (Oregon). 

Syrphus  {Epistrophe  f)  sexmacidata  Palisot  de  Beauvois 
1805,  224.  (Southern  states.) 
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Explanation  of  Figures 

The  drawings  were  made  with  the  aid  of  the  camera  lucida  but 
they  are  not  all  drawn  to  the  same  scale.  In  most  cases  the  widths 
of  the  abdomens  have  been  increased  slightly  to  show  the  relation- 
ship of  the  bands  or  spots  to  the  side  margins.  The  author  wishes 
to  thank  T.  M.  Dobrovsky  for  aid  in  inking  some  of  the  drawings. 


Fig.  1. 


Fig.  2. 


Fig.  3. 


Fig.  4. 
Fig.  5. 
Fig.  . 6. 
Fig.  7. 
Pig.  8. 
Fig.  9. 
Fig.  10. 
Fig.  11. 
Fig.  12. 
Fig.  13. 


Plate  I 

Area  between  the  middle  and  hind  coxae  to  show  a hairy 
metasternum.  These  hairs  are  absent  in  most  of  the 
species  of  Epistrophe.  The  hind  leg  has  been  pulled 
back  to  show  more  clearly  this  area. 

Cross-section  of  a midsection  of  the  abdomen  of  Epistro- 
phe to  show  how  the  edges  curve  under.  Compare 
with  Fig.  3. 

Cross-section  of  a midsection  of  the  abdomen  of  Meta- 
syrphus  to  show  the  emarginate  edges.  This  is  the 
most  important  character  separating  Metasyrphus  from 
Epistrophe. 

Epistrophe  grossulariae  (Mg.),  abdomen  of  male. 

Epistrophe  xanthostoma  (Will.),  abdomen  of  male. 

Epistrophe  terminalis  Cur.,  abdomen  of  female. 

Epistrophe  submar ginalis  Cur.,  abdomen  of  male. 

Epistrophe  hunteri  Cur.,  abdomen  of  male. 

Epistrophe  imperialis  Cur.,  abdomen  of  female. 

Epistrophe  cinctellus  (Zett.),  abdomen  of  female. 

Epistrophe  cinctus  (Fall.),  abdomen  of  male. 

Epistrophe  diversifasciatus  (Knab),  abdomen  of  male. 

Epistrophe  lineola  (Zett.),  abdomen  of  female. 
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7.  Submarginal  is 
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Fig.  14. 
Fig.  15. 
Fig.  16. 
Fig.  17. 
Fig.  18. 
Fig.  19. 
Fig.  20. 
Fig.  21. 
Fig.  22. 
Fig.  23. 
Fig.  24. 
Fig.  25. 
Fig.  26. 
Fig.  27. 
Fig.  28. 
Fig.  29. 


Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 

Epistrophe 


Plate  II 

conjunctus  (Osb.),  abdomen  of  male. 
quinquelimbatus  (Big.),  abdomen  of  male. 
insolitus  (Osb.),  abdomen  of  male, 
semiinterruptus  n.  sp.,  abdomen  of  male. 
genitalis  (Will.),  abdomen  of  female. 
johnsoni  (Cur.),  abdomen  of  male. 
tarsatus  (Zett.),  abdomen  of  male. 
sodalis  (Will.),  abdomen  of  male. 
nigropilosa  Cur.,  bead  of  female. 
vittaf  acres  (Cur.),  abdomen  of  male. 
macularis  (Zett.),  abdomen  of  male. 
nigrifacies  (Cur.),  abdomen  of  male, 
currani  n.  sp.,  abdomen  of  female. 
columbiae  Cur.,  abdomen  of  male. 
garretti  Cur.,  abdomen  of  male. 
mentalis  (Will.),  abdomen  of  female. 
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Fig.  30. 
Fig.  31. 
Fig.  32. 
Fig.  33. 
Fig.  34. 
Fig.  35. 
Fig.  36. 
Fig.  37. 
Fig.  38. 
Fig.  39. 
Fig.  40. 
Fig.  41. 
Fig.  42. 
Fig.  43. 
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Plate  III 

Epistrophe  gracilis  (Coq.),  abdomen  of  female. 
Epistrophe  bimaculata  (Lov.),  abdomen  of  female. 
Epistrophe  subfasciatus  Cur.,  abdomen  of  male. 
Epistrophe  guttata  (Fall.),  abdomen  of  female. 
Epistrophe  tenuis  (Osb.),  abdomen  of  male. 

Epistrophe  triangulifer  (Zett.),  abdomen  of  male. 
Epistrophe  arctics,  (Zett.),  abdomen  of  male. 
Epistrophe  geniculatus  (Mq.),  abdomen  of  male. 
Epistrophe  umbellatarum  (Sch.),  abdomen  of  female. 
Epistrophe  fisherii  (Walt.),  abdomen  of  female. 
Epistrophe  compositarum  (Ver.),  abdomen  of  male. 
Epistrophe  diversipunctatus  Cur.,  abdomen  of  male. 
Epistrophe  albipunctatus  Cur.,  abdomen  of  female. 
Epistrophe  pullulus  (Sn.),  abdomen  of  male. 

Epistrophe  cherokeenensis  (Jones) , abdomen  of  male. 
Ischyrosyrphus  ( Epistrophe ) velutinus  Will.,  abdomen 
of  female. 
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42.  olbipunctatus 


4-3.  pul  lulus 


30.  graci/is 


31.  b/maculata 


34.  tenuis 


3S.  tr/angci//fe 


38.  umbe/Jatarum 


3 7.  f/sber/i 
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32.  subfasciatuS 


4 0.  COmpositarum 


4 4.  chemkeenens/s 


33.  gut  fa  f us 


37-geniculalus 


4/  dt  versipunctafus 


45.  vela  fin  us 


VOL.  XV  (New  Series)  APRIL  1935 


No.  2 


A Journal  of  Entomology. 


PUBLISHED  BY  THE 

BROOKLYN  ENTOMOLOGICAL  SOCIETY 


PUBLICATION  COMMITTEE 
J.  R.  de  la  TORRE-BUENO,  Editor 
CARL  GEO.  SIEPMANN  GEO.  P.  ENGELHARDT 


Published  Quarterly  for  the  Society  by  the 

Science  Press  Printing  Company, 

Lime  and  Green  Sts.,  Lancaster,  Pa. 

Price  of  this  number,  $2.00  Subscription,  $4.00  per  year 

Date  of  Issue  April  29,  1935 

Application  for  entry  as  second-class  matter  under  the  Act  of  March  3,  1879, 
made  June  15,  1926,  at  the  Postoffice  at  Lancaster.  Pa. 


\\<J 


Americana 

Vol.  XV  April,  1935  No.  2 


A STUDY  OF  MEDETERA  ALDRICHII  WH.  (DIPTERA- 
DOLICHOPODIDAE),  A PREDATOR  OF  THE  MOUN- 
TAIN PINE  BEETLE  (DENDROCTONUS  MONTI- 
COLAE  HOPK.,  COLEO.-SCOLYTIDAE) 

By  Donald  De  Leon,  Berkeley,  California 

CONTENTS 

Introduction 60 

Systematic  Position  and  Synonymy  60 

Previous  Studies  on  the  Morphology  and  Biology  of  the  Genus  60 
Description  of  Stages 

Egg  62 

Larva,  First  Stage  62 

Second  Stage  62 

Last  Stage  63 

Cocoon,  Pupa  71 

Adult  .. 72 

Seasonal  History,  Biology,  and  Habits 

Incubation  Period,  Larval  Development  72 

Formation  of  Cocoon  73 

Pupal  Period  74 

Emergence  of  the  Adult  74 

Feeding  of  the  Adult  74 

Copulation  74 

Occurrence  and  Ovi position  75 

Reproductive  Capacity  and  Length  of  Life  76 

Other  Hosts  76 

Secondary  Parasites  or  Other  Enemies 76 

Economic  Status  76 

Recommendations  for  Preservation  78 

Summary  and  Conclusions  79 

Literature  Cited  80 

Explanation  of  Symbols  Used  in  the  Illustrations  83 

59 


ENTOMOLOGICA  AMERICANA  Vol.  XV,  No.  2 


Introduction 

The  larva  of  this  fly  is  the  most  common  and  valuable  predator 
on  the  brood  of  the  mountain  pine  beetle  in  lodgepole  pine,  western 
white  pine,  and  probably  ponderosa  pine  in  Montana,  Idaho,  and 
eastern  Washington.  A great  deal  more  study  is  required  on  the 
biology  and  habits  of  the  enemies  of  barkbeetles,  as  there  is  serious 
danger  of  abetting  the  barkbeetle  outbreaks  in  the  long  run,  when 
control  work  is  carried  out  and  no  attempt  is  made  to  protect  the 
beneficial  insects. 

No  previous  studies  have  been  recorded  concerning  this  species, 
nor  has  the  morphology  or  biology  of  any  species  of  this  genus  been 
fully  worked  out  in  Europe  or  America. 

The  morphological  portion  of  this  paper  was  worked  out  in  the 
laboratory  of  Cornell  University.  Grateful  acknowledgment  is 
made  to  Professor  0.  A.  Johannsen  for  his  constant  aid  and  advice. 
Acknowledgment  is  also  made  to  Mr.  W.  D.  Bedard  for  sending  me 
living  material  from  northeastern  Washington;  his  cooperation  was 
a great  aid  in  the  satisfactory  outcome  of  the  problem.  The  bio- 
logical notes  were  secured  during  the  summers  of  1929  and  1930  in 
the  lodgepole  pine  regions  around  Sula,  Montana,  and  the  western 
white  pine  regions  in  northeastern  Washington  near  Metaline  FalK 

Systematic  Position  and  Synonymy 
Keen  (1928).  Medeterus  aldrichii  Wh. 

Medetera  aldrichii  Wh.  belongs  to  the  family  Dolichopodidae, 
one  of  the  higher  families  of  the  Diptera-Brachycera.  The  genus 
Medetera  was  described  by  Fischer  von  Waldheim  (1819).  It  is 
placed  by  Aldrich  (1905)  in  the  subfamily  Medeterinae.  Wheeler 
(1899)  described  this  species  from  material  collected  at  Moscow, 
Idaho. 

Previous  Studies  on  the  Morphology  and  Biology 
of  the  Genus 

There  are  many  miscellaneous  records  that  mention  the  finding 
of  larvae  or  pupae  of  Medetera  under  the  bark  of  trees,  and  the 
observing  of  the  adult  feeding  on  some  smaller  insect. 

Damianitsch  (1865)  was  apparently  the  first  to  figure  an  imma- 
ture stage.  He  figures  and  describes  the  cocoon  of  M.  tristis  Zett. 
and  states  it  was  found  in  a tree  containing  barkbeetles.  Perris 
(1870)  describes  and  figures  the  larva,  the  pupa,  and  the  cocoon 
formation  of  M.  ambiguus  Meig.  His  description  of  the  former 
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stage  is  rather  complete  but  he  states  that  the  rows  of  spicules  on 
the  pseudopodia  are  at  the  posterior  margin  of  the  segments  and 
not  at  the  anterior  margin  where  actually  they  are.  He  believed 
it  to  be  predacious  on  Ips.  Kowarz  (1877)  in  a systematic  paper 
mentions  that  several  species  have  been  reared  from  trees  infested 
with  barkbeetles.  Mention  is  made  of  the  cocoon.  Brauer  (1883) 
describes  the  larvae  of  the  Dolichopodidae  in  general,  and  speaks 
of  the  cocoon  of  Medetera.  Hopkins  (1899)  believed  M.  nigripes 
Lw.  to  prey  on  Polygraphus  rufipennis  (Kby.)  in  spruce.  Kleine 
(1907)  gives  a brief  account  of  the  larva,  pupal  case,  and  pupa  of 
M.  obscurus  Egger  but  states  that  the  adult  enters  beetle  exit  holes 
to  oviposit.  He  thought  that  the  larva  might  be  predacious,  and 
states  that  the  adults  are  predacious.  The  larva,  he  adds,  forms  its 
cocoon  near  a beetle  exit  hole  through  which  the  adult  emerges 
after  transformation.  A larva  of  Medetera  is  recorded  by  Felt 
(1911  and  1913)  preying  on  Miastor  larvae.  Lundbeck  (1912) 
briefly  reviewed  what  was  known  on  the  biology  of  the  group  as  a 
whole.  He  states  that  all  the  Dolichopodidae  are  predacious  in  the 
adult  stage.  Tragardh  (1914)  speaks  of  the  predacious  habit  of 
the  larvae  of  M.  signaticornis  Lw.  and  gives  a figure  of  the  larva 
and  its  head  structures.  DeMeijere  (1916)  goes  into  considerable 
detail  in  figuring  and  describing  an  unspecified  larva  and  pupa  of 
Medetera.  It  is  the  best  work  that  has  appeared  on  the  .structures 
of  the  mouth  parts.  Malloch  (1917  and  1917a)  observed  a Medetera 
feeding  on  a male  Forcipomyia.  The  same  author  (1919)  collected 
larvae  of  an  undescribed  species  of  Medetera  under  the  bark  of 
cottonwood.  He  mentions  the  formation  of  a cocoon.  Blackman 
and  Stage  (1918)  record  an  undetermined  species  of  Medetera 
having  been  reared  from  beetle-killed  larch  trees.  Mokrzecki  (1924) 
mentions  M.  signatoricornis  as  preying  on  the  larvae  and  pupae  of 
Ips  typographies  (L.).  Hubault  (1923)  believes  that  M.  signati- 
cornis feeds  on  the  larvae  of  Ips  curvidens  (Germ.).  Seitner 
(1924)  figures  several  stages  of  M.  signaticornis  and  gives  some 
brief  notes  on  the  biology  and  habits.  The  first  fairly  detailed 
discussion  of  Medetera  is  that  given  by  Hubault  (1925).  He  comes 
to  the  conclusion  that  Medetera  pallipes  is  both  xylophagous  and 
predacious,  claiming  that  he  has  found  particles  of  wood  in  the 
digestive  tract  of  the  larva.  He  also  observed  larvae  of  the  same 
species  feeding  on  the  brood  of  barkbeetles.  M.  signaticornis,  he 
says,  oviposits  in  the  frass  in  beetle  exit  holes,  and  M.  pallipes 
enters  the  beetle  gallery  so  far  as  to  pass  out  of  sight.  He  describes 
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briefly  the  egg,  the  larva,  and  it  mouth  parts.  Curran  (1928)  in 
descriptions  of  several  new  species  of  Medetera  records  them  as 
having  been  reared  from  decaying  oak  and  chestnut  bark.  Keen 
(1928)  mentions  that  the  larval  stage  of  M.  aldrichii  is  predacious 
on  the  brood  of  D.  monticolae,  and  probably  other  barkbeetles  in 
western  yellow  pine  and  lodgepole  pine.  Taylor  (1928)  records 
an  undetermined  Medetera  having  been  reared  from  leaders  of 
white  pine  infested  with  the  white  pine  weevil  ( Pissodes  strobi 
(Peck)  ).  Schimitschek  (1931)  says  that  M.  excelians  Frey,  in  the 
larval  state,  is  predacious  on  Ips  cembrae.  He  describes  the  pupa, 
gives  the  pupal  stage  (10-14  days),  and  adds  that  the  larvae  over- 
winter in  a J-shapecl  position.  He  believes  that  at  times  there  may 
be  two  broods  a season. 

Description  of  Stages 
Egg 

The  eggs  are  oval  in  shape,  slightly  convex  above,  concave  below ; 
brownish  orange  in  color,  smooth,  and  shining.  Those  taken  from 
lodgepole  pine  in  Montana  averaged  0.86  mm.  in  length  and  0.18 
mm.  in  width;  those  secured  from  white  pine  in  Washington  were 
slightly  larger.  The  average  size  of  the  sixteen  eggs  from  this 
region  is  as  follows : length,  0.91  mm. ; width,  0.21  mm. ; maximum 
length,  0.99  mm. ; maximum  width,  0.25  mm. ; minimum  length, 
0.81  mm. ; minimum  width,  0.18  mm. 

Larva 
First  Stage 

The  first  instar  larvae  are  slender,  creamy  white  in  color,  and 
average  about  0.7  mm.  in  length.  They  are  metapneustic.  The 
number  of  body  segments  was  not  determined.  There  are  no  sclero- 
tized  areas  on  the  head  or  first  thoracic  segment. 

Second  Stage 

The  second  instar  was  not  observed  for  this  species.  The  larvae 
of  M.  signaticornis  Loew,  which  were  studied  by  the  writer  with 
greater  care,  went  through  three  instars,  and  it  is  probable  that 
there  is  the  same  number  for  M.  aldrichii . The  second  instar  of  the 
former  species  resembles  the  first  instar  in  lacking  the  sclerotized 
areas  of  the  head  and  first  thoracic  segment. 
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Last  Stage 
General  Structure 

The  full-grown  larvae  (PL  4,  A)  are  amphipneustic  and  average 
8.5  mm.  in  length.  They  are  roughly  cylindrical  in  shape,  and  are 
composed  of  an  apparently  subdivided  head,  three  thoracic  and 
eight  abdominal  segments.  Body  segments  five  to  ten  are  sub- 
divided at  the  anterior  margin,  forming  a narrow  ring  on  all  sides 
except  the  ventral.  Segment  10  is  about  1.4  times  as  long  as  seg- 
ment nine,  and  about  2.5  times  as  long  as  segment  11.  Each  of  the 
abdominal  segments,  except  the  last,  bears  a ventral  pseudopodium 
(PL  4,  A,  ps)  provided  on  each  side  with  an  anterior  transverse  row 
of  9 to  11  bidentate  rugosities  (PL  5,  B,  ce),  which  range  in  length 
from  0.045  to  0.066  mm.,  and  with  7 to  9 semi-concentric  rows  of 
smaller  spicules  (Pl.  5,  B,  ci).  The  inner  end  of  each  row  com- 
posed of  rugosities  of  type  ce  is  terminated  by  a spicule  of  type  eg. 
Between  the  two  spicules  of  type  eg  there  is  a small  scabrous  area, 
cf.  In  the  middle  of  each  pseudopodium  caudad  to  area  cf  and 
between  the  rows  of  spicules  of  type  ci,  one  finds  a rugosity  of  a 
fifth  type,  ch.  This  rugosity  is  2 to  4 lobed.  The  rugosity  of  type 
ch  is  often  absent  from  the  pseudopodium  of  segment  4 and  the 
other  spicules  of  this  pseudopodium  are  frequently  less  strongly 
developed  than  those  on  the  other  pseudopodia. 

The  caudal  region  of  the  dorsum  of  the  head  bears  a brownish 
sclerotized  area  roughly  oval  in  shape.  The  cephalic  position  of 
the  dorsum  of  the  first  thoracic  segment  bears  a similarly  situated 
but  a much  narrower  sclerotized  area.  The  cephalic  pair  of  spira- 
cles are  small.  They  are  situated  below  the  median  lateral,  longi- 
tudinal line  and  behind  the  median  transverse  line  of  the  prothorax. 

The  anus  opens  as  a longitudinal  slit  on  the  ventral  surface  of, 
and  slightly  anterior  to,  the  middle  of  segment  11,  in  a more  or 
less  circular  pad-like  swelling  of  the  cuticula  (PL  4,  A,  ap).  A 
series  of  sclerotized  cuticular  processes  border  the  margin  of  the 
pad  and  extend  laterad  as  showm  in  Pl.  4,  B,  cp.  The  arrangement 
and  position  of  these  processes  varies  considerably  in  different 
larvae  and  often  in  the  same  larva  the  spines  of  the  left  side  are 
not  arranged  the  same  as  on  the  right.  The  end  of  this  segment 
is  cut  dorso-ventrally  by  a median  groove  and  laterally,  slightly 
above  the  middle  by  a transverse  groove,  thus  forming  four  pro- 
tuberances. The  two  ventral  protuberances  project  beyond  the 
dorsal  ones  so  that  the  former  can  be  seen  when  viewed  from  above. 
They  are  likewise  closer  together  and  more  sharply  tapered  than 
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tlie  dorsal  pair  of  protuberances.  The  spiracles  (PL  4,  F,  sp)  of 
this  segment  are  much  larger  than  the  anterior  pair,  more  strongly 
pigmented  with  brown,  roughly  oval  in  shape,  and  have  two  large 
oval  openings  into  the  stigmatic  chamber.  The  length  of  the  long 
axes  of  the  caudal  spiracles  is  about  0.04  mm. ; that  of  the  short  axes 
about  0.03  mm.  The  dorsal  and  lateral  areas  around  the  spiracles 
are  slightly  sclerotized  and  four  branched  spines  are  located  in  this 
region  close  to  the  margin  of  the  spiracles  as  shown  in  PI.  5,  D. 
Spines  of  similar  form  and  position  have  been  mentioned  by  numer- 
ous authors  for  various  families  of  the  Cyclorrhapha.  Snodgrass 
(1924)  shows  that  their  form  varies  in  each  of  the  three  larval 
instars  of  Rhagoletis  pomonella  Walsh. 

Description  of  the  Head  and  Its  Appendages 

Since  the  homologies  of  the  mouth  parts  can  only  be  worked 
out  by  a histological  study  of  the  early  stages  of  several  groups  of 
larvae,  the  terminology  used  in  describing  these  parts  is  that  em- 
ployed, for  the  most  part,  by  DeMeijere  (l.c.).  The  development 
of  the  mouth  part  and  head  of  a cyclorrhaphous  larva  and  a review 
of  the  literature  pertaining  to  the  subject  in  general  have  been 
made  by  Snodgrass  (l.c.).  In  the  higher  diptera  of  the  Brachycera 
the  tentorial  and  metacephalic  rods  may  be  the  forerunners  of  the 
posterior  lateral  plate  and  the  dorsal  wing,  respectively,  of  the 
pharyngeal  skeleton  of  the  cyclorrhaphids  as  described  by  Snod- 
grass. The  median  piece  may  be  the  so-called  median  hook  greatly 
modified  that  is  present  in  only  the  first  stage  larvae  of  many 
cyclorrhaphids.  The  oral  hooks  of  this  latter  group  may  be  the 
mandibles  of  the  higher  Brachycera. 

The  head  of  M.  aldrichii  (PL  5,  I)  is  about  0.3  mm.  in  length. 
It  is  completely  and  permanently  exerted  and  divided  dorsad  into 
an  anterior  and  posterior  region  by  a transverse  suture  that  is 
absent  on  the  ventral  surface  of  the  head.  The  posterior  division 
is  about  one  and  one-half  times  as  long  as  the  anterior  division  and 
bears  an  oval  pigmented  area  occupying  nearly  the  whole  of  the 
dorsum.  The  anterior  division  of  the  head  is  produced  forward  in 
the  form  of  two  lateral  lobes,  which  are  separated  from  the  rest  of 
the  head  by  a complete  suture.  These  lobes  bear  the  mandibles, 
palpi,  and  other  sensillae.  They  can  be  deflexed  independently  to 
form  almost  right  angles  with  the  body.  The  antennae  are  borne  on 
a pair  of  lateral  lobes  of  the  anterior  head  division.  Each  antenna 
is  composed  of  three  types  of  sensillae,  as  shown  in  Pl.  5,  I,  ana,  in- 
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sertecl  anterior  to  a brownish  pigmented  plate  that  is  apparently 
set  down  into  the  cuticula. 

The  exact  nature  of  the  antennal  sensillae  could  not  be  estab- 
lished. One  is  a transparent,  globe-shaped  papilla  with  a disk  at 
its  tip  and  a cylinder-like  “channel”  extending  from  the  disk  to 
the  cuticula ; one  is  a cylindrical,  heavily  pigmented  papilla,  with 
a hemispherical  top,  and  the  third  is  a narrow  “papilla”  with  a 
bend  near  its  base.  The  pigmented  plate  at  the  base  of  the  antennal 
sensillae  bears  at  the  outer  angle  of  its  caudal  prolongation  three 
more  sensillae.  On  the  ventral  surface  of  the  anterior  division  in 
the  region  of  the  antennae  six  pairs  of  sensillae  are  located.  Two 
pairs  form  surface  papillae,  three  pairs  appear  only  as  sclerotized 
rings,  and  one  pair  only  as  a sensilla  without  any  external  markings, 
but  showing  through  the  cuticula  as  a bottle-shaped  organ.  The 
sensillary  organ  near  the  inner  caudal  margin  of  the  antennal  plate 
is  about  0.0058  mm.  in  diameter. 

The  maxillary  palpi  (PL  5,  I,  r,  and  p)  are  located  at  the  outer 
tip  of  the  maxillary  lobes.  The  palpi  are  composed  of  two  pig- 
mented, roughly  cylindrical  bodies,  one  dorsal  to  the  other.  The 
upper  one  is  distinctly  larger  than  the  lower  and  each  one  bears  a 
pair  of  sensillae.  At  the  outer  margin  of  the  palpi  on  the  ventral 
side,  another  sensilla  is  located.  Dorsad  on  the  inner  margin  some- 
what in  front  of  the  end  of  the  mandibular  hook  a second  sensilla  is 
present,  and  on  the  outer  margin  slightly  behind  the  middle  of  the 
maxillary  lobe  another  sensilla  can  be  found.  A fourth  sensilla  is 
present  on  the  ventral  surface  of  the  posterior  division  of  the  head 
located  as  shown  in  the  figure  (PI.  5,  I,  s3J.  The  pigmented  areas 
lettered  x and  y in  the  aforementioned  plate  are  apparently  of 
cuticular  origin  and  cannot  be  dissected  out  with  the  mouth  parts. 

The  sclerites  that  go  to  make  up  the  internal  mouth  parts  consist 
of  two  groups:  (1)  the  median  piece  (PL  5,  C)  and  its  parts,  i.e., 
the  tentorial  and  metacephalic  rods  (PL  4,  A,  t & m),  and  (2)  the 
mandible  and  its  parts  (Pl.  5,  E).  The  median  piece  is  about  0.166 
mm.  in  length,  0.15  mm.  in  width,  and  0.089  mm.  in  height.  When 
viewed  laterally  it  is  roughly  triangular  in  shape.  The  size  of  the 
mandible  and  its  parts  are  as  follows : mandible,  length,  0.08  mm., 
width,  0.027  mm. ; vertical  sclerite,  length,  0.066  mm.,  width,  0.03 
mm. ; dorsal  sclerite,  length,  0.077  mm.  In  Plate  5,  the  figures  C, 
P,  and  I have  the  corresponding  parts  lettered  the  same.  The  blunt 
teeth  (e)  of  the  median  piece  vary  in  number.  In  some  specimens 
two  pronounced  teeth  were  present ; in  others  only  a slight  elevation 
indicated  the  presence  of  the  second  tooth. 
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The  larvae  have  been  observed  in  the  act  of  attacking  their  prey 
many  times ; the  action  of  the  mouthparts  seemed  to  be  as  follows : 
at  the  time  of  attack  the  anterior  tip  of  the  median  piece  is  pushed 
forward  and  upward  by  the  pressure  from  the  tentorial  rods.  The 
rods  are  forced  forward  by  the  powerful  longitudinal  pharyngeal 
muscles  attached  to  them.  At  the  same  time  the  mandibular  hooks 
work  down  and  out,  catching  into  the  cuticula  of  the  prey.  The 
pressure  exerted  by  the  forward  and  upward  movement  of  the  end 
of  the  median  piece  and  the  downward  movement  of  the  mandibles 
is  sufficient  to  rupture  the  cuticula.  The  fluids  of  the  prey  are  then 
sucked  up  by  means  of  the  strong  vertical  pharyngeal  muscles 
pulling  on  the  dorsal  wall  of  the  pharynx,  which  is  distinctly  sclero- 
tized  and  bears  many  small  oval  rugosities  for  the  attachment  of 
the  muscles  (PI.  5,  F & G,  ph).  In  Plate  5,  F,  these  rugosities  are 
shown  diagrammatically  through  the  ventral  wall  and  the  number 
is  actually  about  twice  as  many  as  is  shown  per  unit  area.  The 
inner  ventral  surface  of  the  tentorial  rods  is  grooved,  permitting 
the  insertion  of  the  sides  of  the  lower  floor  of  the  pharynx  (PI.  5, 
G,  t). 

Sensillae  of  the  Body 

A very  definite  arrangement  of  sensillae  has  been  found  on  the 
body  segments.  Pantel  (1898)  is  apparently  the  first  to  mention 
these  organs  for  dipterous  larvae.  The  presence  of  sensillae  on  the 
cuticle  of  dipterous  larvae  of  the  Nemocera,  Brachycera,  and 
Cyclorrhapha  has  been  discussed  by  Keilin  (1911).  He  discusses 
especially  what  he  calls  the  “formation  d”  and  to  which  Thompson 
(1920)  has  given  the  name  Keilin ’s  organ.  A pair  of  these  organs 
is  situated  on  the  ventral  surface  of  the  three  thoracic  segments, 
each  organ  consisting  of  4 spines  surrounded  by  a cuticular  ring. 
According  to  Keilin  they  represent  the  portion  of  the  legs  in  the 
ancestors  of  the  present-day  larvae.  In  the  work  quoted,  Keilin 
shows  that  although  the  length  of  these  spines  varies  with  the  family 
or  genus  the  number  is  constant.  In  fact,  from  his  list,  though  he 
does  not  state  this  himself,  one  notices  that  all  the  Cyclorrhapha 
except  the  phorids  have  three  spines,  all  the  Orthorrhaplia  four 
spines.  The  Phoridae,  in  a special  study  of  Keilin  (1911a)  are 
placed  with  the  Cyclorrhapha,  although  there  are  four  spines  in 
“organ  d. ” The  position  of  the  phorids,  however,  is  an  uncertain 
one ; various  authors  place  them  in  the  Orthorrhapha,  others  in  the 
Cyclorrhapha,  and  still  others  in  with  the  Pupipara. 

The  position  of  the  body  sensillae  of  M.  aldrichii  may  be  ob- 
served by  a study  of  PI.  4,  B.  The  sensillae  are  composed  of  three 
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types  ; organ  a1?  organ  en  cercle  of  Keilin;  organ  c1?  which  has  the 
shape  of  a depressed  papilla  rather  than  the  rod-like  type  described 
by  Keilin  for  the  phorids,  and  organ  d17  which  is  composed  of  four 
spines  located  on  the  ventral  surface  of  the  thoracic  segments. 
Organ  a1  appears  as  a thickened  oval-shaped  ring  of  cuticula  with 
a circular  center.  On  the  first  thoracic  segment  these  rings  are 
somewhat  wider,  more  heavily  pigmented,  and  slightly  larger  than 
on  the  succeeding  segments.  Organ  ax  of  segment  1 is  about  0.0088 
mm.  in  length ; on  segment  2 it  is  about  0.0055  mm.  in  length. 
Organ  cx  appears  to  have  no  cuticular  thickening  surrounding  it  at 
the  surface,  but  its  channel  through  the  cuticula  is  more  heavily 
pigmented  and  in  either  the  primary  or  secondary  cuticula  it 
enlarges,  forming  a somewhat  circular  base.  This  organ,  when 
viewed  vertically  or  at  a slight  angle,  appears  at  first  sight  to  be 
like  Keilin ’s  organ  c,  or  (( organ  en  batonnet”  but  when  viewed 
from  the  side,  in  profile,  it  appears  as  a flattened  papilla.  The 
diameter  of  this  organ  on  segment  1 is  0.0055  mm.  It  is  present 
on  segment  2 but  could  not  be  found  on  segment  3 or  on  the  abdomi- 
nal segments  save  the  last.  Here  two  pairs  of  organs  occur  dorsad 
and  one  pair  ventrad  that  are  the  same  as,  or  closely  resemble, 
organ  c^  The  dorsal  surface  of  the  lower  pair  of  terminal  lobes 
of  this  segment  bears  a branched  spine  and  two  sensillae  that  lack 
the  cuticular  rings. 

Internal  Anatomy 
Tegumentary  Muscles 

The  integumentary  muscle  system  was  studied  in  detail  only 
for  segments  6 and  7.  Plate  6,  B and  C,  show  the  muscles  of  these 
segments  viewed  lateracl  towards  the  outside.  Figure  B shows  the 
outermost  sets  of  muscles,  figure  C the  innermost  sets,  except  the 
vertical  muscles  (v),  which  are  the  same  in  both  figures.  The 
broadest  muscles  of  the  innermost  set  measured  about  0.071  mm. 
in  width  in  the  specimens  examined.  It  seems  well  to  call  atten- 
tion to  the  branched  muscles  found  in  the  abdomen.  The  upper- 
most muscle  (dvdo,  PL  6,  C)  has  one  strand  that  originates  at  the 
posterior  margin  of  the  secondary  segmentation  of  the  segment, 
and  one  strand  that  originates  at  the  anterior  margin  of  the  same 
secondary  division.  An  idea  of  the  complicated  muscle  system  of 
the  thorax  in  the  region  of  the  pharynx  can  be  obtained  by  a study 
of  Plate  5,  G,  which  is  a cross  section  slightly  anterior  to  the  pro- 
thoracic  spiracles.  The  arrangement  of  the  muscles  in  segment  13 
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is  quite  complicated.  The  most  interesting  point,  however,  is  the 
large  transverse  muscle  (PL  4,  C,  tr)  extending  across  the  body 
from  one  side  to  the  other,  slightly  anterior  to  the  rectum  and  over 
which  it  bends  at  nearly  a right  angle  to  reach  the  anus. 

Digestive  System 
(Plate  4,  C) 

The  fore-gut  consists  of  the  mouth,  the  pharynx  that  extends  to 
near  the  middle  of  segment  2,  and  the  oesophagus  that  begins  at 
this  point  and  narrows  to  about  0.03  mm.  in  diameter  at  its  nar- 
rowest. At  the  brain  it  makes  a sharp  turn  dorsad,  passing  between 
the  two  lobes  of  the  brain  that  are  united  dorsad.  The  oesophageal 
valve  is  in  the  extreme  anterior  portion  of  segment  4.  It  is  about 
0.1  mm.  in  diameter.  The  mid-gut  extends  from  the  valve  into 
segment  8,  where  it  turns  ventrad  and  then  forward,  enlarging  until 
it  reaches  the  hind-gut  in  the  posterior  part  of  segment  6.  At  its 
narrowest  part  the  mid-gut  is  about  0.04  mm.  in  diameter,  at  its 
widest  part  it  ranges  from  0.06  mm.  to  0.25  mm.  in  diameter.  The 
hind-gut  turns  dorsad,  as  a narrow  tube  which  enlarges  into  the 
colon  in  segment  9.  At  the  posterior  margin  of  segment  10  it  nar- 
rows into  the  rectum  and  turns  vertically  downwards  over  the  trans- 
verse muscle  and  ends  at  the  anus.  At  its  greatest  diameter  the 
rectum  is  about  0.1  mm.  in  diameter. 

Pour  Malpighian  tubes  are  present  at  the  union  of  the  mid-  and 
hind-guts.  One  pair  runs  cephalad  into  segment  5 and  then  turns 
back,  ending,  as  far  as  could  be  determined,  in  segment  6.  They 
are  considerably  convoluted  and  border  for  the  most  part  the  sheets 
of  the  fat-body.  The  remaining  pair  extends  caudad  along  the 
edges  of  the  fat-bodies.  This  pair  is  much  more  convoluted  than 
shown  in  PI.  4,  C.  In  sections,  traces  of  them  can  be  found  in 
segment  11. 

The  salivary  duct  unites  with  the  fore-intestine  at  the  anterior 
part  of  the  pharynx.  It  extends  as  a common  duct  into  segment  2, 
where  it  branches,  a branch  passing  on  either  side  of  the  brain.  In 
segment  3 it  unites  with  the  salivary  glands  which  extend  back  into 
segment  9.  They  are  much  enlarged  in  segments  4 and  8 and  con- 
siderably constricted  between  these  segments.  They  are  about  0.1 
mm.  in  diameter  at  their  narrowest  part  and  0.4  mm.  at  their 
greatest  diameter.  In  sections  of  specimens  stained  with  eosin  and 
Delafield’s  hematoxylin  the  contents  of  the  anterior  enlargement 
stain  blue,  and  appear  to  have  a fibrous  texture.  The  contents  of 
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tlie  posterior  enlargement  stain  a uniform  red  and  show  no  indica- 
tion of  a fibrous  matrix.  The  epithelial  cells  of  the  wall  are  large, 
hexagonal,  and  contain  large  nuclei. 

Respiratory  System 

The  network  of  tracheae  of  M.  aldrichii  has  an  interesting 
arrangement.  It  resembles  that  of  the  average  cyclorrhaphid  larva 
(Hewitt,  1908),  (Keilin,  1915),  (Gaebler,  1930),  (Ruehle,  1932), 
more  than  the  lower  groups  of  diptera  as  the  Tipulidae  (Hinkley, 
1930),  for  example.  However,  the  tracheal  system  of  the  orthor- 
rhaphid,  Cecidomyia  resinicoloides  Williams  (Williams,  1910)  is 
also  of  the  cyclorrhaphid  type,  so  that  it  is  difficult  to  generalize. 
These  similarities  and  differences  between  the  two  types  can  be 
attributed  chiefly  to  the  cephalization  of  the  nervous  system,  as 
pointed  out  by  Ruehle  (l.c.).  In  the  larvae  with  a cephalized  ven- 
tral nervous  system  the  tracheae  that  aerate  the  ganglion  for  each 
body  segment  are  pulled  forward  or  backward  to  the  centralized 
ganglia,  while  in  larvae  provided  with  a ganglion  in  each  segment, 
there  is  no  need  for  these  modifications. 

The  arrangement  of  the  respiratory  system  of  M.  aldrichii  can 
best  be  understood  by  a study  of  Plate  4,  D,  E,  and  F.  The 
tracheae  discussed  below  are  of  particular  interest. 

In  segment  11  a pair  of  tracheae  (vt)  branch  from  the  lateral 
posterior  branches  and  extend  forward  and  somewhat  ventrad, 
crossing  each  other  in  segment  10,  and  then  run  alongside  of  each 
other,  so  that  it  is  difficult  to  keep  track  of  which  one  arose  from 
the  left  side  and  which  one  from  the  right  side.  Both  tracheae, 
however,  extend  cephalad  into  segment  8.  Here  trachea  vt  of  the 
left  side  ends  by  branching  in  the  caudal  half  of  this  segment,  the 
branches  ending  in  the  tissues  of  the  digestive  tract.  Trachea  vt 
of  the  right  side  branches  in  the  same  manner  in  the  extreme  caudal 
region  of  segment  7 but  one  of  these  branches  continues  cephalad 
along  the  digestive  tract  for  about  another  segment.  In  making 
dissections  of  fresh  material  to  study  the  digestive  tract,  a large 
trachea  coming  somewhere  from  the  posterior  part  of  the  insect  was 
always  found  to  lose  itself  by  branching  at  the  union  of  the  mid- 
and  hind-guts,  and  it  is  probable  that  this  trachea  is  trachea  vt  of 
the  right  side.  Hewitt  (l.c.)  and  Williams  (l.c.)  show  what  are 
apparently  homologous  tracheae  in  the  larva  of  the  housefly  and 
pitch  gnat,  respectively. 

The  ventral  tracheal  system  of  the  thorax  is  shown  in  Plate 
4,  D.  Each  of  the  ventral  thoracic  commissures  (vtc  1-3)  give  off 
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a pair  of  caudad  extending  tracheae,  the  thoracic  ganglionic 
tracheae  (tgt  1-3),  that  run  back  to,  and  lose  themselves  by  branch- 
ing in  the  cephalized  part  of  the  nervous  system.  The  abdominal 
ganglionic  tracheae  (au  1-4)  are  likewise  shown  in  the  figure,  which 
is  semi-diagrammatic,  for  it  could  not  be  determined  exactly  what 
parts  of  the  nervous  system  were  supplied  by  each  trachea.  Alto- 
gether, the  cephalized  nervous  system  is  supplied  with  air  by  8 
pairs  of  tracheae.  Seven  pairs  extend  ventrad  to  it  and  one  pair 
extends  down  between  the  brain  lobes  (brain  tracheae  be,  PL  4,  E). 
This  pair  arises  from  a pair  of  tracheae  originating  slightly  an- 
terior to  the  anterior  dorsal  commissure  (ac)  and  extending  ventrad 
and  caudad  a slight  distance.  Here  it  branches  into  three  tracheae. 
One  of  these  extends  backward  as  the  brain  trachea  and  is  con- 
nected by  a commissure  with  the  corresponding  trachea  on  the 
other  side.  The  other  two  tracheae  run  caudad  a short  distance, 
then  turn  sharply  down  and  forward.  One  of  these  remains  un- 
branched, the  other  branches  once  and  one  of  these  branches 
divides  into  two  and  then  all  four  tracheae  lose  themselves  in  the 
muscles  of  the  pharynx,  consequently  in  Plate  4,  E,  these  tracheae 
(ph  1-4)  are  shown  incomplete. 

The  diameters  of  a few  of  the  tracheae  are  summarized  below  : 

Longitudinal  trunk  (It)  behind  posterior  commissure  = 0.0288- 
0.0399  mm. 

Longitudinal  trunk  (It)  behind  anterior  commissure  = 0.023  mm. 

Ventral  thoracic  commissure  1 (vtc  1)  =0.0058  mm. 

Ventral  thoracic  commissure  2 (vtc  2)  =0.0088  mm. 

Anterior  commissure  (ac)  =0.0136  mm. 

Lateral  branch  near  base  = 0.01  mm. 

Circulatory  System 

The  heart  extends  dorsad  as  the  aorta  and  then  caudad  from 
the  brain  in  segment  3 to  the  anterior  part  of  segment  11.  In  sec- 
tions it  appears  somewhat  larger  posteriorly.  The  diameters 
ranged  from  about  0.033  mm.  to  0.05  mm.  The  number  of  valves 
of  the  heart  was  not  determined. 

Adipose  Tissue  and  Urate  Cells 

The  adipose  tissue  lies  in  long  layers,  one  cell  thick,  on  either 
side  of  the  abdomen.  When  fresh  material  is  dissected  the  Mal- 
pighian tubes  are  always  found  to  be  bordering  one  of  these  layers. 
The  urate  cells  are  not  distinctly  visible  through  the  cuticle  of  the 
larvae  so  that  their  abundance  and  position  were  not  determined. 
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Nervous  System 

The  nervous  system  (Pl.  9,  C)  consists  of  a group  of  ganglia 
centralized  in  segments  3 and  4.  At  least  four  pairs  of  nerves  run 
cephalad  from  the  region  below  the  brain  and  from  the  extreme 
caudal  end  of  the  cephalized  area  a “strand”  of  nerves  can  be 
traced  caudad,  to  the  posterior  region  of  segment  10.  In  a few  of 
the  segments  a pair  of  nerves  could  be  found  apparently  turning 
off  from  the  main  “strand”  at  about  a 60°  angle.  It  was  not  estab- 
lished whether  a pair  provides  for  each  abdominal  segment  but  this 
is  probably  the  case.  No  fan  of  nerves  was  observed  extending 
from  the  mass  of  consolidated  ganglia  as  is  present  in  the  house-fly 
(Hewitt,  l.c.)  and  other  cyclorrhaphids. 

COCOON 

The  cocoon  of  Medetera  is  dirty  whitish  in  color,  and  at  times 
resembles  a small  cocoon  of  Coeloides  so  closely  that  at  a glance  it 
is  difficult  to  be  certain  which  species  one  is  observing.  The  cocoons 
are  about,  5 mm.  in  length  and  oval  in  shape. 

PUPA 

The  pupa  (PI.  6,  A)  is  creamy  white  in  color  except  for  the 
brownish  sclerotized  areas.  The  average  length  is  about  4.5  mm., 
the  average  width  about  2 mm.  A pair  of  sclerotized  respiratory 
spines  originate  directly  behind  the  eyes,  and  their  bases  extend 
parallel  to  the  posterior  margin  of  the  eyes  beneath  the  cuticula. 
A single  transverse  row  of  spines  is  found  dorsally  on  all  but  the 
terminal  of  the  last  eight  body  segments.  A pair  of  spiracles  or 
spiracular  scars  are  found  on  each,  except  the  last  two  of  the  seg- 
ments bearing  the  row  of  spines.  The  terminal  segment  bears  a 
series  of  5 to  7 pairs  of  elongated  spines ; and  an  inner  and  much 
shorter  pair ; all  but  the  inner  and  shortest  pair  are  hooked  at  the 
end.  In  front  of  each  row  of  dorsal  abdominal  spines  is  an  area 
of  innumerable,  minute,  sharply  pointed  spines  that  diminish  in 
number  towards  the  anterior  margin  of  each  segment.  Laterad, 
the  spines  become  slighter  but  on  the  lateral  swellings  they  are 
larger,  forming  distinct  scabrous  areas.  No  scabrous  areas  are 
found  on  the  thorax  but  3 pairs  of  small  spines  are  present,  located 
as  shown  in  PI.  6,  A.  The  anterior  spine  may  in  some  instances  be 
doubled,  so  that  on  one  side  of  the  pupa  two  spines  may  be  present 
where  there  is  normally  one. 

The  drawing  of  the  pupa  shows  the  extremities  of  the  meta- 
thoracic  legs  extending  to  the  middle  of  the  antepenultimate  seg- 
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ment.  Actually,  the  legs  reach  the  middle  of  the  penultimate 
segment  but  the  pupa,  when  drawn,  was  somewhat  extended,  owing 
to  the  pressure  of  the  coverslip. 

ADULT 

The  adult  (PL  7)  is  a somber  grey  fly  averaging  about  4 mm.  in 
length.  There  is,  however,  a slight  bluish-green  sheen  to  the  body 
when  the  light  strikes  it  at  certain  angles,  and  the  front  below  the 
antennae  is  distinctly  blue-green.  The  basal  joint  of  the  antenna 
is  orange;  the  second  and  third  segments  are  black.  The  thorax 
is  marked  dorsally  by  four  greyish-white  vittae,  and  the  scutellum 
bears  two  pairs  of  bristles.  The  cubital  cell  of  the  wing  is  short 
and  not  pointed.  The  second  segment  of  the  tarsus  of  the  meta- 
thoracic  leg  is  not  more  than  twice  the  length  of  the  first ; while  in 
the  first  two  pairs  of  legs  the  first  joint  of  each  tarsus  is  longer  than 
the  second. 

Seasonal  History,  Biology,  and  Habits 

Acknowledgment  is  made  to  Dr.  F.  C.  Craighead  of  the  Bureau 
of  Entomology  for  permission  to  publish  these  notes  and  to  Mr.  J. 
C.  Evenden  of  the  same  Bureau,  under  whom  the  writer  worked, 
for  his  constant  aid  and  advice  during  these  investigations. 

INCUBATION  PERIOD 

The  eggs  hatch  after  an  incubation  period  of  ten  to  fourteen 
days.  Just  before  the  eggs  hatch  the  larva  can  be  seen  through  the 
chorion  in  a J-shaped  position,  with  the  head  at  the  longer  end 
of  the  “J.” 

LARVAL  DEVELOPMENT 

After  hatching,  the  larvae  work  their  way  into  the  inner  bark 
in  search  of  nourishment.  They  feed  chiefly  on  the  eggs,  larvae, 
and  pupae  of  the  mountain  pine  beetle,  but  they  will  also  feed  on 
dead  ones,  on  small  cerambycid  larvae,  and  on  each  other.  They 
cannot  be  reared  together,  for  within  a few  days  only  one  will  be 
left. 

An  attempt  was  made  to  rear  the  larvae  in  decaying  cambium, 
and  while  some  lived  for  nearly  a month,  all  died  without  appre- 
ciable growth.  It  shows,  however,  that  although  they  are  capable 
of  living  for  a considerable  period  without  animal  food,  they  proba- 
bly require  this  for  development.  The  writer  from  the  study  of  the 
mouth  parts  of  both  European  and  American  species  does  not  be- 
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lieve  that  Medetera  can  feed  on  wood  as  suggested  by  Hubault 
(1925) . It  may  be  possible  to  find  traces  of  wood  fiber  in  the  diges- 
tive tract  of  these  larvae,  but  in  this  case  it  seems  more  reasonable 
to  assume  that  the  fibers  were  sucked  up  by  the  larva  during  feeding 
on  scolytid  larvae. 

The  larvae  of  Medetera  aldrichii,  it  seems,  find  their  prey  for- 
tuitously. In  the  laboratory  they  have  been  observed  to  pass  by, 
almost  touching  the  larvae  of  Dendroctonus  monticolae  or  the  larvae 
of  their  own  species,  without  apparently  sensing  the  others’  pres- 
ence. 

Under  laboratory  conditions  the  predators  were  never  observed 
to  feed  continuously  on  the  larva  on  which  they  started  to  feed. 
Whether  it  is  due,  perhaps  to  a passing  whim,  or  to  having  had 
enough  nourishment  for  the  time  being,  they  seldom  fed  long.  In 
the  vial,  of  course,  the  partially-consumed  larvae  could  be  chanced 
upon  again,  fed  upon  for  a while  longer  until  in  the  end  they  would 
be  reduced  to  nothing  but  their  integument. 

The  larvae  were  found  at  all  times  of  the  year  in  trees  ranging 
from  those  newly  attacked,  to  trees  recently  abandoned  by  the 
mountain  pine  beetle,  but  they  were  most  numerous  in  recently 
infested  trees.  As  they  prefer  moist  conditions  under  the  bark, 
they  were  seldom  found  in  any  numbers  in  trees  abandoned  by  the 
beetles.  The  soft  inner  bark  of  infested  trees  usually  begins  to 
dry  out  when  the  brood  is  still  in  the  callow  adult  stage,  and  by  the 
time  the  beetles  have  emerged  it  is  generally  extremely  dry. 
Though  the  small  larvae  work  chiefly  between  the  wood  and  the 
bark,  the  larger  larvae  are  often  equally  numerous  in  the  soft  inner 
bark,  where  they  are  entirely  concealed. 

The  larval  period  is  not  definitely  known ; while  at  times  it  is 
as  short  as  about  a month,  it  often  occupies  ten  to  eleven  months. 
In  any  case,  it  certainly  appears  to  be  less  than  a year. 

FORMATION  OF  COCOON 

Before  pupation  the  larvae  usually  construct  small  cells  com- 
posed of  frass  and  shreds  of  cambium,  and  line  the  inside  with  a 
silk-like  substance.  A small  opening  in  the  cocoon  is  generally  pres- 
ent at  the  anterior  end.  The  cocoons  are  always  in  the  soft  inner 
bark,  but  may  be  either  visible  or  concealed  when  the  bark  is 
removed.  Though  the  cells  are  not  always  formed,  the  larvae 
always  enclose  themselves  within  the  silk-like  cocoons.  Within  the 
cocoons  the  larvae  assume  a J-shaped  position  and  remain  thus 
until  pupation. 
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If  the  larvae  were  removed  from  the  cocoon  they  did  not  spin  a 
new  one  but  died  after  a few  weeks.  In  working  with  an  undeter- 
mined species  of  Medetera  from  Ithaca,  it  was  found  that  if  the 
cocoon  was  broken  open  the  larva  would  usually  repair  the  break, 
even  though  the  cocoon  was  ruptured  after  each  repair. 

PUPAL  PERIOD 

Pupae  were  found  from  May  7 to  September  12  in  the  lodgepole 
pine  type ; in  the  white  pine  type  they  were  found  between  April 
25  and  July  19,  and  probably  could  have  been  secured  during 
August  and  September  if  a more  extensive  search  had  been  made. 
Though  the  main  period  of  pupation  in  lodgepole  pine  was  between 
June  21  and  July  19,  no  definite  period  of  pupation  was  noted  in 
western  white  pine. 

The  stadia  of  pupae  for  which  the  period  was  definitely  known 
occupied  14  to  17  days.  As  none  of  the  pupae  collected  in  the  field 
and  reared  even  approached  this  period,  it  indicates  that  seventeen 
days  is  probably  the  maximum  period  required  for  development 
by  this  stage. 

The  terminal  spines  mentioned  in  the  description  of  the  pupa 
probably  serve  to  anchor  the  pupal  skin  to  the  cocoon,  thus  enabling 
the  adult  to  emerge  from  the  pupal  exuviae  with  less  difficulty. 

EMERGENCE  OF  ADULT 

It  has  often  been  a wonder  to  the  writer  how  these  delicate  flies 
can  push  their  way  through  the  cambium  to  the  outside.  Kleine 
(l.c.)  says  that  M.  signaticornis  pupates  near  a beetle  exit  hole  but 
the  writer  did  not  notice  any  such  tendency  with  M . aldrichii. 

FEEDING  OF  THE  ADULT 

Malloch  (1917)  and  other  authors  report  the  adults  feeding  on 
smaller  insects.  The  writer  in  one  instance  observed  a female  cap- 
ture and  feed  on  a small  red-spider. 

COPULATION 

Though  the  courtship  of  some  of  the  Dolichopodidae  is  very 
elaborate  as  described  by  Aldrich  (1894)  and  Van  Duzee  and  others 
(1921),  the  courtship,  if  any,  and  the  mating  of  Medetera  aldrichii 
were  not  observed.  During  observations  on  another  species,  M. 
signaticornis  Lw.,  one  fly  was  often  observed  to  alight  on  the  back 
of  another  without  any  preliminary  maneuvers,  but  no  copulation 
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was  observed  and  the  flies  could  not  be  caught  to  determine  their 
sex. 


OCCURRENCE  AND  OVIPOSITION 

In  the  white  pine  stands  the  first  adult  was  found  on  May  27, 
1930;  in  the  lodgepole  pine  stands  the  first  adult  was  found  on 
June  5,  1929.  After  these  dates  adults  were  present  in  the  field 
the  remainder  of  the  season. 

The  imagines  are  rather  ubiquitous,  for  they  were  observed  on 
Douglas  fir,  cedar,  western  white  pine,  and  lodgepole  pine  trees 
whether  green  or  infested  by  barkbeetles.  More  extensive  search 
would  probably  have  disclosed  their  presence  on  other  species  of 
trees.  Adults  were  found  to  be  much  more  numerous,  however,  on 
infested  trees,  and  especially  so  on  trees  that  had  been  recently 
attacked  by  the  mountain  pine  beetle.  This  was  pronounced  in  one 
case  of  a white  pine  where,  on  a tree  that  had  been  attacked  but 
two  or  three  days  previously,  six  or  seven  adults  could  be  seen  to  a 
square  foot  of  bark  surface;  whereas,  on  several  trees  near-by  that 
had  been  attacked  about  eight  days  earlier,  only  two  or  three  adults 
were  observed  over  an  equal  area. 

The  female  works  over  the  bark  in  a rather  interesting  and 
amusing  manner.  She  appears  to  glide  in  an  effortless  fashion 
forward,  sideward,  and  backward  with  equal  ease  and  frequency, 
and  occasionally  makes  short  hops  from  one  place  to  another.  Now 
and  then  she  stops  to  feel  under  a bark  scale  or  into  a crevice  with 
the  tip  of  her  ovipositor.  Though  she  goes  through  the  same 
actions  on  green  as  well  as  infested  trees,  no  eggs  have  so  far  been 
found  on  green  trees.  On  infested  trees  the  eggs  are  laid  singly 
or  in  clusters  of  two  or  three ; no  more  than  three  in  a group  have 
been  found  in  the  field,  but  in  the  laboratory  as  many  as  nine  eggs 
were  laid  in  a scattered  group.  The  eggs  are  placed  under  loose 
bark  scales  or  in  small  crevices,  never  in  ventilation  or  exit  holes 
constructed  by  the  parent  mountain  pine  beetle.  If  a female 
Medetera  aldrichii  chances  upon  one  of  these  holes  she  avoids  it  by 
moving  to  one  side  or  flying  off.  There  are,  however,  several 
smaller  species  of  Medetera,  as  yet  undetermined,  which  are  occa- 
sionally found  on  trees  infested  both  by  the  mountain  pine  beetle 
and  other  barkbeetles.  These  have  only  been  observed  to  oviposit 
in  ventilation  or  exit  holes.  Unfortunately,  nothing  is  shown  of 
the  biology  of  these  flies. 
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REPRODUCTIVE  CAPACITY  AND  LENGTH  OF  LIFE 

It  is  not  known  how  many  eggs  a female  lays  during  her  exis- 
tence. Dissection  of  a female  collected  in  the  field  revealed  four 
eggs  practically  mature  and  ready  for  laying;  thirty  partially 
formed  in  one  ovary  and  thirty-one  in  the  other,  making  a total  of 
sixty-five  eggs  potentially  for  one  female.  This,  of  course,  does  not 
take  into  consideration  the  eggs  laid  before  capture  or  the  other 
eggs  that  may  have  developed  if  she  had  not  been  dissected. 
Females  kept  in  the  laboratory  and  fed  on  sugared  water  lived 
about  three  weeks ; the  males  usually  lived  a shorter  period. 

OTHER  HOSTS 

Table  1 shows  the  record  of  collections  of  the  larvae  of  Mede- 
tera from  galleries  of  other  barkbeetles  or  other  host  trees  of  the 
mountain  pine  beetle.  As  several  other  species  of  Medetera  have 
been  found  on  trees  infested  by  various  barkbeetles  it  is  probable 
that  the  records  in  the  following  table  include  species  other  than 
Medetera  aldrichii. 

Secondary  Parasites  or  Other  Enemies 

No  enemies  of  the  immature  stages  have  been  found.  Lundbeck 
(l.c.)  states  that  no  hymenopterous  enemies  have  been  recorded  for 
any  of  the  Dolichopodidae.  Under  confinement  the  larvae  are  can- 
nibalistic, but  it  is  doubted  if  this  normally  occurs  in  the  field. 

Adults  have  been  occasionally  observed  caught  in  spider  webs 
and  in  one  instance  one  of  the  non-web-spinning  species  of  spiders 
wras  seen  to  capture  a female  Medetera. 

Economic  Status 

To  date  the  writer  has  been  unable  to  determine  the  amount  of 
brood  of  the  mountain  pine  beetle  destroyed  by  the  larvae  of 
Medetera  aldrichii.  As  they  move  from  host  to  host,  it  will  take 
a considerable  amount  of  controlled  experimentation  to  determine 
how  many  individual  eggs,  larvae,  and  pupae  each  one  destroys. 
The  single  controlled  attempt  made  to  determine  the  possible 
amount  of  brood  destroyed  by  the  larvae  was  unsuccessful.  In 
addition,  since  they  do  not  confine  their  attacks  to  the  brood  of  the 
barkbeetle,  each  larva  counted  cannot  be  considered  to  have  main- 
tained itself  entirely  on  the  brood  of  the  barkbeetle  alone. 

Bark  from  a western  white  pine  tree  that  had  been  attacked  by 
the  mountain  pine  beetle  about  July  12,  1930,  was  examined  for 
Medetera  larvae  July  26,  1930.  In  39  cm.  of  gallery,  73  niches 
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were  counted,  of  which  50,  or  68  per  cent,  contained  beetle  eggs. 
Sixteen  first  instar  larvae  of  Medetera  were  counted  either  feeding 
on  the  eggs  or  near  the  empty  egg  niches.  It  seems  likely  that 
these  larvae  destroyed  all  of  the  missing  eggs  and  would  probably 
have  destroyed  40  to  50  per  cent  of  the  total  number.  While  this 
amount  is  probably  greater  than  the  average,  it  shows  that  the 
larvae  are  very  destructive  in  their  early  stages.  On  the  average 
it  is  probable  that  not  over  40  to  50  per  cent  of  all  the  brood  of  the 
mountain  pine  beetle  is  destroyed,  though  no  figures  are  available 
for  this  supposition. 

In  spite  of  the  great  destruction  of  the  brood,  it  is  doubtful  if 
Medetera  is  as  valuable  a factor  in  controlling  the  brood  of  the 
beetle  as  is  the  braconid,  Coeloides  dendroctoni  Cush.,  whose  aver- 
age parasitism  is  but  about  16  per  cent.  Most  of  the  larvae  that 
Medetera  destroys  are  in  their  early  stages,  and  it  is  probable  that 
many  would  have  died  from  other  causes,  such  as  extreme  tempera- 
ture, overcrowding,  or  from  other  predators  or  parasites.  Most  of 
the  larvae  parasitized  by  Coeloides  dendroctoni  Cush,  are  full- 
grown  and  nearly  ready  to  pupate,  and  have  survived  many  of  the 
hazards  apt  to  cause  their  death;  thus  their  chances  of  reaching 
maturity  are  considerably  greater  than  larvae  ready  to  hatch,  or 
recently  hatched  from  the  eggs.  A detailed  study  is  necessary  to 
establish  these  values. 

Recommendations  for  Preservation 

Artificial  control  of  the  brood  of  the  mountain  pine  beetle  is 
usually  accomplished  by  one  of  two  methods.  One  consists  of  fell- 
ing the  infested  trees  and  peeling  off  the  bark  to  expose  the  larvae 
or  pupae  to  the  elements,  and  to  ants,  shrews,  voles,  chipmunks, 
etc  A The  other  consists  of  decking  up  the  infested  logs  and  burn- 
ing them.  The  control  work  is  carried  on  either  in  the  spring  or 
fall,  but  principally  in  the  spring  between  April  and  the  latter  part 
of  June.  In  a study  of  Coeloides  dendroctoni  Cush.,  which  is  the 
most  important  parasite  of  this  beetle,  it  was  found  that  spring 
control  in  the  lodgepole  pine  stands  destroys  practically  all  of  the 
brood  of  the  parasite,  and  that  fall  control  destroys  only  a small 
percentage  of  them.  Fall  control  work  was  therefore  suggested  as 
a means  whereby  the  braconid  could  be  fostered.  However,  as  the 

* Rust,  H.  J.  Progress  report  on  the  effectiveness  of  the  peeling 
method  of  control  relative  to  the  destruction  of  Dendroctonus 
broods  in  white  pine.  MS.  Forest  Insect  Field  Station,  Coeur 
d’Alene,  Idaho,  1930. 
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females  of  Medetera  aldrichii  begin  to  oviposit  immediately  after 
tbe  trees  of  either  species  have  been  attacked  by  the  mountain  pine 
beetle,  and  continue  to  oviposit  to  some  extent  until  cold  weather 
sets  in,  all  of  the  brood  of  this  fly  in  the  treated  trees  would  be 
destroyed  by  the  fall  control  work.  But  spring  control  operations, 
as  they  are  begun  before  the  brood  of  the  fly  emerges,  destroy  an 
equal  number  of  larvae  of  the  fly.  Because  of  this,  it  seems  that 
early  fall  control  work  is  still  to  be  preferred,  at  least  in  the  lodge- 
pole  pine  stands,  in  spite  of  the  destruction  to  the  brood  of  Medetera 
aldrichii. 

This  position  is  also  taken  as  neither  Medetera  aldrichii  nor 
Coeloides  dendroctoni  Cush.,  the  two  most  valuable  insects  in  the 
destruction  of  the  brood  of  the  Dendroctonus  monticolae , have  been 
able  to  prevent  outbreaks  of  this  beetle.  Though  artificial  control 
is  always  necessary,  if  the  outbreak  is  to  be  controlled  before  too 
much  timber  is  destroyed,  a method  of  artificial  control  which  at 
the  same  time  will  not  injure  one  or  both  of  these  beneficial  insects 
is  to  be  desired.  According  to  the  studies  of  Volterra  (1928)  it 
would  seem  that  when  control  work  is  conducted  with  no  attempt 
made  to  protect  the  beneficial  insects  considerable  harm  may  result 
in  the  long  run.  For  where  one  animal  lives  at  the  expense  of 
another  the  destruction  of  the  host  and  predator  in  proportional 
numbers  will  cause  the  average  number  of  the  host  to  increase  and 
the  average  number  of  the  predator  to  decrease.  If  such  is  true, 
much  more  careful  and  extensive  investigations  should  be  made  to 
determine  just  how  control  operations  can  be  conducted  so  that 
not  only  will  the  normal  average  not  be  upset  but  also  that  the 
average  number  of  preying  insects  may  be  increased  above  that  of 
the  barkbeetle,  by  a reduction  in  the  beetle  population  without  a 
reduction  in  the  parasitoid  and  predator  population. 

Summary  and  Conclusions 

1.  Medetera  aldrichii  Wh.  is  the  most  important  predator  of  the 
mountain  pine  beetle  ( Dendroctonus  monticolae  Hopk.)  infesting 
lodgepole  and  western  white  pine.  It  probably  destroys  40  to  50 
per  cent  of  the  brood  of  this  beetle. 

2.  The  life  cycle  varied  from  about  two  to  twelve  months;  the 
incubation  period  ranged  from  10  to  14  days;  the  larval  period 
ranged  from  one  to  about  eleven  months;  and  the  pupil  period 
ranged  from  14  to  17  days. 
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3.  The  fly  oviposits  chiefly  in  trees  recently  attacked  by  the 
mountain  pine  beetle. 

4.  Spring  or  fall  control  of  the  brood  of  the  mountain  pine 
beetle  by  either  the  burning  or  peeling  method  destroys  practically 
all  of  the  brood  of  Medetera  aldrichii  Wh.  Fall  control,  however, 
is  probably  better  in  the  lodgepole  pine  stands  as  it  destroys  fewer 
of  the  brood  of  the  most  beneficial  parasite,  the  braconid,  Coeloides 
dendroctoni  Cnsh. 

5.  The  work  of  Yolterra  is  brought  in  to  show  the  danger  of 
doing  control  work  when  no  care  is  taken  to  protect  the  beneficial 
insects. 
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Explanation  of  Symbols  Used  in  the  Illustrations 


a,  mandible. 

a1?  sensilla  of  the  circular  type, 
ac,  anterior  dorsal  commissure, 
advo,  anterior  dorsoventral  oblique  muscle. 

an,  anus. 

ana,  antenna  and  parts, 
ap,  anal  pad. 

aui_4,  ventral  abdominal  tracheae  extending  to  cephalized  ganglia. 

b,  accessory  sclerite  of  mandible. 

be,  brain  trachea, 
br,  brain. 

c,  central  sclerite. 


cly  sensilla  of  the  papillary  type. 

ce,  sclerotized  process  of  cuticula. 

cf,  “ “ “ 

<<  <<  “ “ 

ch. 


ci, 

cp, 


cu,  cuticula. 

d,  dorsal  papilla  on  median  piece. 
d15  Keilin’s  organ. 

dc-^g,  dorsal  commissures. 

ddvo,  dorsal  dorsoventral  oblique  muscle. 

dpvdo,  dorsal  posterior  ventrodorsal  oblique  muscle. 

dvdo,  dorsal  segmental  ventrodorsal  oblique  muscle. 

dvdo-L,  dorsal  intersegmental  ventrodorsal  oblique  muscle. 

e,  knob  on  median  piece, 
eh,  intersegmental  muscle. 

f,  sensilla  on  median  piece. 

g,  anterior  point  of  median  piece. 

h,  lateral  process  of  median  piece. 

hd,  head. 

he,  horizontal  exterior  segmental  muscle. 

hi,  horizontal  interior  intersegmental  muscle. 

i,  lateral  arms  of  median  piece. 

l,  intercalated  sclerite. 

It,  longitudinal  trunk. 

m,  metacephalic  rod. 
mp,  median  piece. 
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n7  ventral  buccal  sclerite. 
nr,  nerve  cord. 

p,  ventral  organ  of  maxillary  palpus, 
pc,  posterior  commissure. 

pdvo,  dorsal  posterior  dorsoventral  oblique  muscle, 
ph,  pharynx. 

pli!_4,  tracheae  supplying  the  buccopharyngeal  muscles, 
pnq,  longitudinal  pharyngeal  muscles. 
pm2,  vertical  pharyngeal  muscles, 
ps,  pseudopod. 

r,  dorsal  organ  of  maxillary  palpus. 

s,  salivary  duct. 

s1_3,  sensillae  of  the  head, 
sp,  spiracle. 

t,  tentorial  rod. 

tr,  transverse  muscle. 

tgt4_s,  thoracic  ganglionic  tracheae. 

u,  inner  lobe  of  maxilla. 

v,  vertical  muscle. 

vdvo,  ventral  dorsoventral  oblique  muscle. 

vs,  vertical  segmental  muscle. 

vpvdo,  ventral  posterior  ventrodorsal  oblique  muscle. 

vt,  visceral  trachea. 

vtc^,  ventral  tracheal  commissures, 
vv,  ventral  vertical  muscle. 

vvdo,  interior  ventral  ventrodorsal  oblique  muscle. 
vvdOj,  exterior  ventral  ventrodorsal  oblique  muscle, 
x,  pigmented  area  of  cuticula. 

( < ((it  (( 

Plate  4 

Medetera  aldrichii  Wli. 

Final  Instar  Larva 

A.  Lateral  view. 

B.  The  sensillae  of  segments  1,  2,  3,  4,  and  11.  Upper  half,  dorsal ; 

lower  half,  ventral. 

C.  Lateral  view  of  internal  organs,  showing  brain  and  centralized 

ganglia,  digestive  tract,  Malpighian  tubes,  salivary  glands, 
and  heart. 

D.  Ventral  view  of  head  and  segments  1 to  5 inclusive,  showing 

principal  tracheae. 

E.  Lateral  view  of  head  and  segments  1 to  4 inclusive,  showing 

principal  tracheae. 

F.  Lateral  view  of  segments  9 to  11  inclusive,  showing  principal 

tracheae. 
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Plate  5 

Medetera  aldrichii  Wh. 

Final  Instar  Larva 

A.  Anterior  extremity  of  maxillary  palpus. 

B.  Various  types  of  sclerotized  processes  of  pseuclopodia. 

C.  Lateral  and  caudal  view  of  median  piece. 

D.  Posterior  spiracle. 

E.  Mandible  and  accessory  sclerites ; compressed  laterad. 

F.  Ventral  view  of  median  piece,  pharynx,  salivary  duct,  and  ten- 

torial rods. 

G\  Transverse  section  of  prothorax,  slightly  anterior  to  prothoracic 
spiracles. 

H.  Left  metaceplialic  rod,  viewed  dorsad. 

I.  View  of  head  and  its  parts ; left,  dorsal ; right,  ventral  view. 
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Plate  6 

Medetera  aldricliii  Wh. 

Final  Instar  Larva  ancl  Pnpa 

A.  Pupa. 

B.  Lateral  view  of  body  segments  6 and  1,  showing  outermost  sets 

of  muscles. 

C.  Lateral  view  of  body  segments  6 and  7,  showing  innermost  sets 

of  muscles. 
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Plate  7 

Medetera  aldrichii  Wh. 

Male  upper,  female  lower  figure.  The  eyes  in  living  specimens 
are  convex,  not  concave  as  shown  here. 
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Photograph  by  E.  J.  Bust. 


VOL.  XV  (New  Series)  JULY  1935 


No.  3 


A Journal  of  Entomology. 


PUBLISHED  BY  THE 

BROOKLYN  ENTOMOLOGICAL  SOCIETY 


PUBLICATION  COMMITTEE 
J.  R.  de  la  TORRE-BUENO,  Editor 
CARL  GEO.  SIEPMANN  GEO.  P.  ENGELHARDT 

Published  Quarterly  for  the  Society  by  the 

Science  Press  Printing  Company, 

Lime  and  Green  Sts.,  Lancaster,  Pa. 

Price  of  this  number,  $2.00  Subscription,  $4.00  per  year 

Date  of  Issue  July  1,  1935 

Application  for  entry  as  second-class  matter  under  the  Act  of  March  3,  1879, 
made  June  15,  1926,  at  the  Postoffice  at  Lancaster.  Pa. 


Vol.  XV 


July,  1935 


No.  3 


MORPHOLOGICAL  STUDIES  OF  THE 
THORAX  OF  THE  ANT1 

By  George  S.  Tulloch, 

Brooklyn,  N.  Y. 

Several  excellent  studies  have  been  made  by  various  workers 
on  the  thoracic  structure  of  insects,  particularly  of  the  Hymenop- 
tera.  Few  of  these,  however,  have  dealt  specifically  with  the  thorax 
of  the  Formicidae.  Many  of  the  figures  of  the  Formicoid  thorax 
that  are  present  in  the  literature  are  of  little  anatomical  value 
since  they  illustrate  the  general  shape  rather  than  the  detailed 
anatomy.  In  the  absence  of  any  recent  or  complete  work  on  the 
thoracic  structure  of  the  Formicidae  the  following  study  was  made. 
Its  purpose  was  to  interpret  the  thoracic  structure  of  the  group 
in  the  light  of  our  present  knowledge. 

Many  investigators  have  shown  the  value  of  a study  of  the  tho- 
racic sclerites  in  determining  the  phylogenetic  relationships  of  the 
various  orders  and  families  of  insects.  Accordingly,  some  con- 
sideration of  the  phylogenetic  relationships  of  the  seven  subfamilies 
of  ants  based  on  the  thoracic  structure  is  given  here. 

The  Formicidae  may  be  easily  divided  into  two  general  groups, 
the  fertile  winged  and  the  sterile  wingless  castes.  The  embryological 
studies  of  Dewitz  (1878)  have  shown  that  in  their  ontological  de- 
velopment the  sterile  workers  possess  well  developed  wing  buds 

1 Contribution  from  the  Entomological  Laboratory  of  Harvard 
University.  JUL  3 jggg 
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which  usually  disappear  upon  the  attainment  of  the  adult  con- 
dition. This  is  convincing  evidence  that  the  wingless  forms  were 
at  some  period  in  their  phylogenetic  development  descended  from 
winged  forms,  and  the  occasional  appearance  of  winged  workers 
substantiates  this  conclusion.  To  trace  the  development  of  the 
wingless  form,  it  is  first  necessary  to  study  the  structure  of  the 
winged  forms  and  then  trace  through  a series  of  intermediate 
forms  to  the  wingless  type.  (Tulloch,  1930,  a,  b.)  In  this  way  the 
modifications  of  the  various  sclerites  can  be  traced  to  determine 
which  persist  and  compose  the  body  structure  of  the  worker.  The 
region  of  the  body  most  indicative  of  change  from  the  winged  to 
the  wingless  type  is  the  thorax  since  the  loss  of  wings  and  their 
accompanying  muscles  has  a profound  influence  on  the  simplifica- 
tion of  this  region  during  the  adoption  of  the  terrestrial  habit. 

REVIEW  OF  LITERATURE  DEALING  WITH  THE 
FORMICOID  THORAX 

That  the  thorax  of  the  ants  is  composed  of  four  segments  and 
not  three  as  in  most  insects  was  recognized  by  some  of  the  earliest 
investigators.  Ratzeburg  (1832)  working  with  the  larvae  of  Hy- 
menoptera,  particularly  of  the  genus  Formica  maintained  that  the 
fifth  segment  of  the  larva  forms,  not  the  so-called  “scale”  or 
first  abdominal  segment,  but  the  hinder  part  of  the  thorax.  This 
view  was  also  maintained  by  Audouin  (1820)  and  Latreille  (1820), 
while,  on,  the  contrary,  others  such  as  Kirby  and  Spence  (1822-26) 
and  Macleay  (1830)  considered  the  thorax  of  these  insects  to  be 
composed  of  three  segments,  as  usual.  Burmeister  (1836)  and 
Westwood  (1840)  also  agreed  that  the  thorax  of  the  ants  was  com- 
posed of  three  segments. 

Newport  (1839)  stated  that  “at  first  we  were  inclined  to 
Audouin ’s  opinion,  more  especially  on  account  of  what  we  shall 
presently  find  in  Lepidoptera,  in  which  the  fifth  segment,  in  its 
atrophied  condition,  is  as  much  connected  with  the  thorax  as  with 
the  abdomen.  On  further  examination,  however,  we  are  satisfied 
that  the  portion  of  the  metathorax  which  is  posterior  to  the  incisure 
belongs  to  the  third  segment  of  the  thorax.  ’ ’ 

In  1877-79  John  Lubbock  detailed  accounts  on  the  internal  and 
external  structure  of  the  ant  thorax.  He  followed  the  opinions 
of  the  earlier  workers,  Latreille,  Ratzeburg,  exponents  of  the  four 
segment  theory.  The  criterion  used  by  Lubbock  was  the  number 
and  position  of  the  spiracles.  He  noted  that  in  the  ants  there  were 
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three  pairs  of  spiracles,  the  first  two  pairs  being  between  the  pro- 
and  mesothorax  and  the  meso-  and  metathorax,  corresponding  to 
the  two  pairs  of  thoracic  spiracles  of  other  insects.  The  third 
pair  of  spiracles,  those  of  the  first  abdominal  segment,  Lubbock 
considered  to  be  on  the  side  of  the  metathorax,  or  in  the  margin 
between  the  metathorax  and  the  first  abdominal  segment  of  other 
insects.  Burmeister,  writing  earlier  than  Lubbock,  considered  that 
the  ants  have  only  two  pairs  of  thoracic  spiracles,  those  between 
the  pro-  and  mesothorax  and  those  “on  the  metathorax  itself.” 
Lubbock,  however,  suggested  that  Burmeister  failed  to  identify 
‘ ‘ the  meso-metathoracic  spiracles  ’ ’ and  showed  that  in  Lasius  flavus 
they  exist  and  are  easily  recognizable.  As  a general  rule,  Lub- 
bock’s assertion  that  the  thorax  of  ants  bears  three  pairs  of  spir- 
acles is  correct  ; yet  in  certain  ants  the  meso-metathoracic  spiracles 
are  either  absent  or  so  completely  reduced  that  they  are  not  dis- 
cernible even  upon  careful  microscopic  examination. 

The  opinion  expressed  by  Lubbock  and  suggested  by  earlier 
workers  that  the  thorax  contained  a modified  abdominal  segment 
was,  in  substance,  correct.  Specifically,  their  views  concerning 
the  limits  of  the  metathorax  and  the  first  abdominal  segments,  as 
determined  by  the  spiracles,  were  incorrect.  Their  confusion  was 
perhaps  due  to  the  fact  that  they  did  not  readily  recognize  that 
the  thoracic  spiracles  are  intersegmental  while  the  abdominal  ones 
are  intrasegmental. 

Nassonoff  (1889)  was  one  of  the  first  to  consider  the  structure 
of  the  ant  thorax  in  any  detail.  He  selected  for  study  the  queen 
of  Lasius  flavus  and  made  many  excellent  illustrations.  His  inter- 
pretations were  in  accord  with  the  views  of  the  time,  but  somewhat 
different  from  the  ideas  of  the  present  time. 

Janet’s  (1898)  work  on  the  thorax  of  the  queen  of  Myrmica 
rubra  is  of  signal  importance  because  he  disassociated  the  parts 
of  the  thorax  and  showed  the  relations  of  the  regions  to  each  other. 
Both  Nassonoff  and  Janet  recognized  the  true  limits  of  the  first 
abdominal  tergite  and  of  the  metathorax,  but  their  views  relative 
to  the  limits  of  the  sternal  regions  were  mistaken. 

Perhaps  the  greatest  contribution  to  the  knowledge  of  the 
thorax  of  the  Formicidae  was  that  made  by  C.  Emery  in  1900. 
Kealizing  the  great  confusion  in  the  interpretations  of  the  thoracic 
sclerites,  he  attempted  to  homologize  the  various  structures  in  the 
different  castes  of  ants.  More  especially  he  showed  the  manner 
in  which  the  fusion  of  sclerites  took  place  in  the  posterior  region 
of  the  thorax,  and  in  what  measure  the  epinotum  and  the  meta- 
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thorax  participated  in  the  formation  of  the  so-called  metathorax 
of  other  authors.  His  interpretations  have  been  subsequently 
adopted  by  Wheeler  (1910),  Donisthorpe,  (1914)  and  others  in 
their  treatises  upon  the  ants,  and  by  nearly  all  myrmecographers 
in  their  description  of  novelties. 

Emery  selected  as  a generalized  form  the  male  of  Streblognathus 
aethiopicus,  a large  Ponerine  common  to  South  Africa.  In  the 
pleural  and  notal  region  it  is  as  completely  sutured  as  many  of  the 
higher  Hymenoptera. 

For  a study  of  the  notal  region  of  the  thorax,  Paraponera 
clavata  was  selected.  In  general,  the  interpretations  he  gave  were 
correct,  but  in  regard  to  the  limits  of  the  sternum  and  certain  notal 
regions,  several  misconceptions  have  been  noted. 

By  examining  a series  of  Paltotyreus  tarsatus  from  the  winged 
female  to  the  wingless  worker  through  the  intermediate  ergatoid, 
an  attempt  was  made  to  show  how  fusion  of  the  sclerites  may  have 
taken  place  after  the  deprivation  of  wings.  The  study  of  this 
particular  series,  inadequate  as  it  was,  was  the  first  attempt  to 
homologize  the  sclerites  of  the  winged  and  worker  ants  by  a serial 
morphological  study. 

After  a consideration  of  several  other  Ponerine  forms,  Emery 
showed  the  relationship  of  the  other  subfamilies  to  the  Ponerinae, 
basing  his  conclusions  on  the  characters  of  the  workers.  By  using 
the  position  and  nature  of  the  spiracles  as  pertinent  characters,  he 
showed  that  the  Dorylinae  and  the  Myrmicinae  are  easily  reducible 
to  the  Ponerinae,  likewise,  he  considered  the  Dolichoderinae  to  be 
directly  connected  to  the  Ponerinae  through  the  genus  Aneretus  and 
the  Camponotinae  to  be  directly  connected  to  the  Dolichoderinae. 

Snodgrass  (1910)  in  his  classic  work  on  the  Hymenopteron 
thorax  considered  the  ants  briefly.  He  pointed  out  the  true  limits 
of  the  sternal  region  as  well  as  true  relationships  of  the  notal 
regions.  His  work  has  provided  a foundation  for  subsequent 
workers  in  any  group  of  the  Hymenoptera  since  he  considered  all 
the  various  types. 

The  investigations  of  Crampton  (1909,  etc.)  have  added  much 
to  the  knowledge  of  the  thoracic  structure,  especially  in  the  more 
specialized  groups  of  Diptera  and  Hymenoptera. 

METHOD 

All  the  specimens  were  studied  in  a liquid  medium  (water, 
glycerine,  alcohol)  with  the  aid  of  a binocular  microscope,  the  field 
of  which  was  illuminated  by  two  powerful  spotlights.  In  many 
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cases  the  specimens  were  boiled  in  a 10%  caustic  potash  solution 
and  then  the  internal  tissues  washed  out  with  running  water, 
thereby  making  the  sclerites  show  up  more  clearly  and  also  making 
dissections  of  different  sclerites  possible.  The  drawings  were  made 
with  the  aid  of  a cross-line  ocular  micrometer  disc  and  graph  paper. 
By  this  procedure  accurate  relationships  of  the  various  sclerites 
were  obtained. 

DESCRIPTION  OF  A TYPICAL  FORMICOID  THORAX 

Morphologically  the  thorax  of  the  Formicidae  is  formed  by  the 
first  four  postcephalic  segments.  The  first  three  of  these,  pro- 
thorax,  mesothorax  and  metathorax,  are  characterized  by  the  pres- 
ence of  legs,  and  together  constitute  the  true  thorax.  The  fourth 
segment,  the  propodeum,  commonly  referred  to  in  the  ants  as  the 
epinotum  (known  also  as  the  median  segment  and  erroneously  as 
the  metanotum)  is  the  tergite  of  the  first  abdominal  segment,  which 
has  been  fused  with  the  metathorax  and  become  completely  incor- 
porated into  the  thoracic  region  of  the  body.  Before  attempting 
a comparative  study  of  the  Formicoid  thorax  it  is  necessary  to 
become  thoroughly  acquainted  with  the  thoracic  structure  in  one 
of  the  more  generalized  members  of  the  family.  Since  the  Formi- 
cidae is  perhaps  the  most  specialized  family  of  the  Hymenoptera, 
and  therefore  of  all  insects,  the  structure  of  a selected  generalized 
form  is  exceedingly  complex.  The  original  structure  is  so  obliter- 
ated, while  secondary  characters  are  so  prominent,  that  erroneous 
conclusions  may  be  drawn  if  attention  to  other  less  specialized 
groups  is  not  given.  In  order  to  avoid  misinterpretations  of  the 
thorax  of  the  less  specialized  ants  such  as  Paroponera,  a preliminary 
study  of  lower  Hymenoptera  such  as  Xiphidyra,  Ampidex,  Polistes 
and  others  was  made.  In  addition,  particular  attention  was  given 
to  the  investigations  of  Snodgrass  (1910)  who  worked  out  the 
homologies  of  various  sclerites  especially  among  the  non-aculeate 
forms,  and  Crampton  (1914,  1926)  and  Martin  (1915)  who  made 
important  contributions  to  the  knowledge  of  the  sclerites  found  in 
the  cervical  regions  and  in  the  tergum. 

The  thorax  of  Paraponera  clavata  was  selected  as  representing 
a generalized  condition  of  the  ant  thorax.  Paraponera  clavata  is 
a desirable  laboratory  paradigm  because  of  its  large  size,  and  its 
yellow  color  does  not  obliterate  the  limits  of  the  sclerites.  As  with 
many  specialized  groups  of  insects,  the  limits  of  many  of  the 
sclerites  have  become  obliterated,  and  in  such  cases  the  terms 
applied  are  connotative  of  general  areas  rather  than  of  definite 
sclerites. 
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Prothorax  (Pl.  VIII,  figs.  1,  2,  4).  The  pronotum  (PN)  is  a 
large,  broad,  transverse  plate  situated  on  the  lower  anterior  portion 
of  the  thorax.  It  extends  laterally  to  the  mesopleura  and  its  dorsal 
posterior  angles  which  are  more  or  less  broadly  rounded  form  lobes 
which  cover  the  mesothoracic  spiracles  lying  underneath  on  the 
anterior  margin  of  the  mesepisterna  (ANE).  The  ventral  pos- 
terior angles  are  definitely  pointed  and  extend  underneath  the 
thorax  and  nearly  meet  ventrally  at  the  anterior  margin  of  the 
mesosternal  region  (PN).  The  front  margin  of  the  pronotum 
covers  the  points  of  attachment  between  the  head  and  the  internal 
occipital  processes  (OP)  of  the  latero-cervicals  (EC).  The  hind 
margin  is  concave  and  covers  the  prephragma  (PHG)  of  the  meso- 
notum.  The  two  large  latero-cervical  plates  (LC)  form  the  greater 
portion  of  the  wide,  flat,  antero-ventral  surface  of  the  prothorax. 
Each  latero-cervical  is  produced  antero-laterally  to  form  a portion 
of  a narrow,  collar-like  transverse  band  from  the  inner  surface  of 
which  projects  a sclerotized  tooth  called  the  occipital  process  (OP) 
on  which  the  head  articulates.  Near  the  lateral  posterior  angle  of 
each  latero-cervical  there  projects  from  the  inner  surface  a hook- 
like structure  known  as  the  coxa  process  (CXP).  The  lateral 
portions  of  the  latero-cervicals  are  curved  sharply  upward  and 
extend  under  the  pronotum  a distance  equal  to  one  half  their 
width.  The  sternum  is  much  reduced  and  consists  of  two  regions, 
the  basisternum  (BSI)  and  the  furcisternum  (FSI).  In  general- 
ized insects  the  sternum  consists  of  four  regions  but  among  the 
ants  two  have  been  lost  either  by  reduction  or  fusion  and  but  two 
remain.  The  basisternum  is  a relatively  large  plate  situated 
between  the  front  coxal  extending  backward  to  the  furcal  pits.  It 
is  secondarily  divided  by  a transverse  ridge  into  an  anterior  and 
posterior  plate.  The  furcisternum  comprises  the  region  to  which 
the  furca  or  sternal  apophyses  of  the  endoskeleton  are  attached. 
In  the  prothorax  the  furcal  pits  are  paired ; in  the  meso-  and  meta- 
thorax  they  are  fused  into  a single  cavity. 

Mesothorax  (PI.  VIII,  figs.  1,  3,  4,  5.)  The  tergum  of  the  meso- 
thorax  consists  of  two  regions : a large  anterior  one,  the  notum,  and 
a smaller  posterior  one,  the  postscutellum.  The  notum  is  sub- 
divided into  three  main  divisions:  the  prescutum,  scutum  and 
scutellum.  Likewise,  the  scutum  and  scutellum  are  subdivided  into 
smaller  divisions.  The  prescutum  (PSC)  is  a large  triangular 
region  separated  from  the  scutum  by  the  notauli  (NO).  The 
notauli  fuse  at  the  apex  of  the  prescutum,  and  continue  caudad  as 
a median  line  to  the  transcutal  suture  (T,  fig.  5)  dividing  the 
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scutum  in  two  lateral  portions.  The  scutum  (SC)  is  the  most  ex- 
tensive area  of  the  notum  and  extends  laterally  to  the  parapsidal 
furrows  (PF).  The  parapsidal  furrows  separate  the  parapsides 
from  the  scutum.  The  parapsidal  furrows  are  important  taxonomic 
characters  widely  used  in  the  classification  of  Hymenoptera.  As 
they  are  frequently  confused  with  the  notauli  a complete  discussion 
of  these  terms  has  been  given  elsewhere  (Tulloch,  1929).  The 
posterior  margin  of  the  scutum  is  separated  from  the  remainder 
of  the  notum  by  a transverse  cleft  known  as  the  transcutal  suture. 
Directly  behind  the  scutum  is  a narrow  transverse  area,  the  pre- 
scutellum  (PRS),  a structure  present  in  the  more  specialized 
Hymenoptera.  It  is  a part  of  the  scutellum  which  has  become 
separated  from  it  by  a secondary  ridge.  In  Paraponera  the  pre- 
scutellum  extends  clear  across  the  notum  but  in  other  forms  it 
becomes  reduced  to  small  lateral  regions.  The  scutellum  (SCM) 
is  a large  convex  structure  situated  behind  the  prescutellum.  The 
postscutellum  (PSM)  of  the  mesothorax  is  entirely  internal  and 
occurs  as  two  separated,  flat,  scale-like  lobes,  which  occur  on  each 
side  just  caudad  of  the  posterior  margin  of  the  scutellum  and 
dorsad  of  the  point  of  attachment  of  the  hind  wing.  The  post- 
scutellum may  extend  dorsally  along  the  posterior  margin  of  the 
scutellum  as  a very  narrow,  sclerotized  strip,  but  this  is  not  dis- 
tinct and  the  two  lateral  portions  apparently  are  separated.  The 
posterior  region  of  a wing-bearing  tergum  is  in  this  species  reduced 
to  two  lateral  plates  located  underneath  the  scutellum.  They  are 
not  visible  when  viewed  from  above. 

The  front  margin  of  the  mesothorax  is  prolonged  anteriorly 
to  form  a prephragma  (PIIG)  which  extends  for  some  distance 
under  and  behind  the  pronotum.  It  extends  as  a roll-like  thick- 
ening along  the  ventral  anterior  and  lateral  margins  of  the  pre- 
scutum and  scutum,  and  is  flattened  to  form  a thin,  plate  lobe  on 
each  side  of  the  middle  of  its  anterior  margin.  The  postphragma 
(PFG)  of  the  mesothorax  is  well  developed  and  much  larger  than 
the  prephragma.  It  extends  posteriorly  nearly  to  the  inner  surface 
of  the  hind  margin  of  the  propodeum  (PRO)  as  a canopy-like, 
sclerotized  plate  which  tapers  posteriorly.  Directly  above  and 
behind  the  postscutellar  plates  there  are  two  regions  which  appear 
to  be  shallow  pockets  or  sacs  in  the  postphragma,  one  on  either  side 
of  the  middle.  In  some  forms  these  sacs  are  connected  to  the 
exterior  by  canals  which  open  between  the  wing  bases.  They  are 
possibly  glands  which  never  have  been  recognized. 

The  pleural  region  is  highly  specialized,  and  consists  nearly 
entirely  of  a large  area  divided  by  a transverse  groove  into  an  upper 
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area,  the  anepisternum  (ANE)  and  a lower  area,  the  katepisternnm 
(KAT).  The  pleural  suture  which  in  primitive  insects  extends 
from  the  coxal  articulation  to  the  wing  base  and  divides  the  pleuron 
into  episternum  and  epimeron  is  entirely  lacking;  yet  the  failure 
of  the  transverse  suture  to  reach  the  meso-metapleural  suture  may 
indicate  its  original  position.  The  epimeron  (EPM)  is  reduced  to 
a small  region  bordering  the  postero-dorsal  margin  of  the  anepi- 
sternum. The  line  of  division  between  the  episternum  and  epi- 
meron is  not  clear,  but  study  indicates  that  this  is  its  position. 
The  mesoepisternal  and  mesosternal  sclerites  are  continuous,  there 
being  no  complete  suture  between  them.  Two  short  longitudinal 
lines  (Fig.  4)  in  the  sternal  region  probably  indicate  the  remains 
of  the  sterno-pleural  suture.  The  dorsal  portion  of  the  mesepi- 
sternum  borders  the  front  coxal  cavities  and  is,  in  turn,  bordered 
on  its  postero-dorsal  margin  by  the  mesepimeron.  The  ventral  por- 
tion of  the  mesepisternum  is  fused  with  the  sternal  region,  there 
being  no  complete  suture  dividing  these  regions.  The  sternum  is 
considered  to  be  divided  into  two  general  areas:  the  basisternum 
(BS2),  a large  anterior  region,  and  the  furcisternum  (FS2),  a 
small  posterior  region  bearing  the  furca.  Their  limits  cannot  be 
determined  owing  to  lack  of  sutures;  hence  the  terms  are  connota- 
tive  of  areas  rather  than  definite  sclerites.  The  furcal  pits  usually 
paired  in  primitive  insects  are  here  fused  into  one  common  cavity. 
A median  longitudinal  groove  on  the  sternum  indicates  the  line  of 
attachment  of  the  apophyses  of  the  mesothoracic  endoskeleton.  The 
pleuro-sternal  region  is  modified  posteriorly  to  form  the  coxal 
process  (CXP)  which  projects  into  the  mesothoracic  coxal  cavity 
from  its  anterior  margin  on  which  the  mesothoracic  leg  articulates. 

Metathorax  (PL  VIII,  figs.  1,  4).  The  tergum  of  the  meta- 
thorax  is  divided  into  an  anterior  region  or  notum  (MTN)  and 
into  a posterior  region  or  postscutellum.  The  notum  is  reduced  to 
a narrow  transverse  plate  extending  between  the  hind  wings.  The 
postscutellum  is  posteriorly  and  laterally  indistinguishably  fused 
with  the  propodeum. 

The  pleuron  of  the  metathorax  consists  of  one  sclerite,  the 
pleuron  which  is  divided  into  two  regions  by  a secondary  suture. 
The  upper  region  is  fused  with  the  postscutellum.  The  transverse 
groove  which  divides  the  upper  from  the  lower  plate  of  the  meta- 
pleuron  ends  posteriorly  into  a deep  depression.  This  depression 
is  the  external  evidence  of  the  apodeme  which  forms  part  of  the 
endoskeleton  of  the  metathorax.  On  the  lower  plate  of  the  meta- 
pleuron  there  is  an  opening  which  in  this  form  is  slit-like.  This 
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is  the  opening  of  the  metaplenral  gland  (MG)  (erroneously  referred 
to  in  literature  as  the  metasternal  gland).  It  is  peculiar  to  the 
ants,  and  is  present  in  all  castes.  It  appears  to  be  more  highly 
developed  in  the  worker  caste.  Little  is  known  of  its  function, 
though  some  investigators  have  suggested  it  may  be  a scent  organ. 
The  metasternum  is  considered  to  be  composed  of  two  regions,  a 
relatively  large  basisternum  (BS3)  and  a smaller  furcisternum 
(FS3). 

Propodeum.  Technically  the  propodeum  (PRO,  fig.  1)  is  the 
first  segment  of  the  abdomen,  the  dorsal  surface  of  which,  in  the 
more  specialized  Hymenoptera,  has  become  moved  forward  and  com- 
pletely incorporated  into  the  thoracic  region  of  the  body,  its 
sternum  being  completely  lost.  In  some  species  of  ants  it  is  pro- 
vided with  spines  which  are  structures  of  taxonomic  value.  In  this 
species  it  is  deeply  striated.  A pair  of  large  spiracles  (AI)  is 
located  on  the  lateral  regions  of  the  propodeum.  Their  position 
similar  to  the  position  of  the  abdominal  spiracles  indicates  at  once 
the  abdominal  origin  of  the  propodeum. 

DIFFERENT  TYPES  OF  ALATE  THORAX 

The  description  of  the  generalized  form  Paraponera  clavata  may 
be  considered  typical  for  the  subfamily  Ponerinae.  The  main  dif- 
ferences in  the  thoracic  structure  of  a typical  winged  form  from 
each  subfamily  follow: 


Ceraphachyinae 
Cerapachys  manni  Crowley 

In  some  respects  the  thorax  of  this  form  appears  to  be  more 
closely  related  to  the  lower  Tenthredinoid  forms  than  Paraponera , 
the  form  selected  to  illustrate  the  fundamental  type  of  ant  thorax. 
The  structure  of  the  notal  region  appears  to  represent  a more  primi- 
tive condition  than  Paraponera ; yet,  in  the  pleural  and  sternal  re- 
gions, it  is  more  specialized. 

This  feature  of  one  part  of  the  body  becoming  more  specialized 
than  other  parts  is  here  called  differential  specialization.  This  term 
is  applicable  here,  as  will  be  shown,  for  the  thorax  presents  char- 
acters at  varying  stages  of  specialization. 

Prothorax  (PI.  IX,  figs.  6,  7).  The  relative  position  and  size 
of  the  pronotum  (PN)  differs  somewhat  from  Paraponera , being 
much  larger  and  more  prominent.  Consequently,  the  mesonotum 
is  reduced  and  is  less  prominent  than  in  Paraponera.  Other  than 
its  difference  in  size,  it  is  similar  to  the  other  forms.  The  latero- 
cervical  and  sternal  regions  correspond  to  those  already  described. 
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Mesothorax  (Pl.  IX,  figs.  6,  8,  9,  10).  The  prescutum  is  not 
delimited  by  notauli,  and  therefore  is  part  of  the  complex  “pre- 
scutum  + scutum.”  The  parapsidal  furrows  (PF)  separate  the 
scutum  (SC)  from  the  parapsides  (PA).  The  transcutal  suture 
(T)  is  present  as  a distinct  cleft.  The  prescutellum  is  not  separated 
from  the  scutellum  by  a distinct  ridge  or  suture,  but  by  a semi- 
circular line  of  rather  large  indentations.  This  condition  of  the 
prescutellum  is  suggestive  of  the  primitive  condition  found  in  the 
sawflies.  However,  the  axillary  ridge  (AXL)  which,  in  other 
forms  reaches  to  the  edge  of  the  notum  over  the  hind  wings,  as- 
sumes a position  parallel  to  the  notal  surface  and  curves  back 
toward  the  scutellum.  The  scutellum  (SCM)  is  somewhat  oval  in 
shape  and  strongly  convex  behind.  Because  of  the  modification 
of  the  prescutellum,  it  is  difficult  to  detect  any  parascutellar  region. 
The  postscutellum  persists  as  two  lobes  underneath  the  posterior 
margin  of  the  scutellum.  Another  distinct  feature  of  the  notal 
region  is  the  large  tegulae  (TG).  Usually  the  tegulae  are  rather 
small  in  the  ants,  and  systematists  have  used  this  character  as  an 
aid  in  their  separation.  In  this  group  the  tegulae  are  very  large, 
somewhat  like  those  of  the  Mutillidae. 

The  pleural  region  consists  of  a large  episternum  which  is  secon- 
darily divided  into  an  upper  and  lower  plate,  and  a small  epimeral 
region  which  forms  a lobe  covering  the  metathoracic  spiracle  (S2). 
The  transverse  suture  across  the  episternum  does  not  reach  the 
meso-metapleural  suture.  Its  posterior  end,  therefore,  probably 
indicates  the  original  position  of  the  true  pleural  suture.  The 
sternal  regions  are  similar  to  those  of  Paraponera, 

Metathorax  (PI.  IX,  figs.  6,  8).  The  metanotum  (MTN)  is  a 
transverse  sclerite  extending  between  the  wings,  and  is  narrow  in 
the  center  and  wider  laterally.  The  postscutellum  is  fused  poster- 
iorly with  the  propodeum  (PRO)  and  laterally  with  the  meta- 
pleuron.  The  pleuron  is  indistinctly  divided  into  an  upper  and 
lower  region,  probably  corresponding  to  the  upper  and  lower  plate 
of  the  episternum  in  the  mesopleuron.  The  sternal  region  is  modi- 
fied so  that  the  identification  of  the  parts  is  impossible.  The  general 
regions  are  indicated  (Fig.  9). 

Dorylinae 
Dorylus  helvolus  L. 

In  this  subfamily  only  the  male  is  winged,  the  female  being 
wingless  and  very  rare.  The  thorax  of  the  male  shows  the  greatest 
departure  from  the  fundamental  type  of  any  of  the  subfamilies. 
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Prothorax  (PI.  X,  figs.  11,  12).  The  prontoum  consists  of  two 
triangular  areas  on  either  side  of  the  thorax  connected  anteriorly 
by  a narrow  band  extending  over  the  front  of  the  thorax.  The 
dorsal  posterior  lobes  are  definitely  pointed  and  reach  to  the 
tegulae.  The  opening  of  the  spiracle  (SI),  which  in  other  forms 
is  covered  by  the  dorsal  posterior  lobe  of  the  prontoum,  is  located 
near  the  ventral  posterior  lobe  in  the  region  between  the  two 
segments,  and  is  not  covered  by  any  lobe.  Its  unusual  position 
is  perhaps  due  to  the  distortion  or  unusual  shape  of  the  pronotum. 
The  later o-cervical  plates  are  shorter  and  wider  than  usual,  while 
the  sternal  region  is  considerably  reduced. 

Mesothorax  (PI.  X,  figs.  11,  13,  14,  15).  The  decrease  in  the 
size  of  the  prothorax  is  compensated  for  by  the  enlarged  size  of 
the  mesothorax.  Although  the  specimen  considered  is  a male,  the 
notauli  are  lacking  and  the  prescutum  is  indistinguishably  fused 
with  the  scutum.  The  parascutellar  ridge  curves  over  the  tegula, 
differing  in  this  respect  from  all  the  other  subfamilies.  The 
prescutellum  is  reduced  to  two  small  lobes,  one  on  either  side  of  the 
notum.  The  lobes  are  not  secondarily  divided  by  the  axillary 
ridges.  The  scutellum  extends  over  the  entire  dorsum,  not  being 
divided  into  parascutellar  regions.  The  postscutellum  is  reduced 
to  two  narrow  strips,  one  on  either  side  of  the  notum.  The  phrag- 
mata  vary  from  the  usual  type,  being  much  smaller  in  proportion 
to  the  size  of  the  mesonotum  than  in  other  forms. 

The  mesopleuron  consists  of  a single  large  plate,  the  episternum, 
there  being  no  indication  of  a transverse  suture  dividing  it  into  two 
plates,  or  of  an  epimeral  region.  The  spiracular  opening  is  in 
the  meso-metapleural  suture  some  distance  from  its  usual  position 
in  other  forms.  The  mesosternum  is  very  large,  and  comprises 
over  half  of  the  entire  sternal  region  of  the  thorax.  It  is  of  the 
usual  structure  except  that  the  coxal  openings  are  greatly  reduced 
in  size. 

Metathorax.  The  metanotum  is  the  only  part  of  this  region 
that  can  be  recognized  since  the  postscutellum  and  the  entire  meta- 
pleuron  is  completely  fused  with  the  propodeum.  It  is  of  the  usual 
structure,  and  extends  between  the  hind  wings. 

PSEUDOMYRMINAE 

Pseudomyrma  damnosa  Wheeler 

The  general  appearance  of  the  thorax  in  this  subfamily  differs 
from  that  of  the  Ponerinae  in  that  it  is  more  elongate  and  is  com- 
pressed dorso-ventrally.  The  suturing  is  less  complete  than  in  the 
Ponerinae ; yet  the  limits  of  the  selerites  when  present  are  distinct. 
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Prothorax  (PI.  XI,  figs.  16,  17,  18,  19).  The  pronotum  (PN) 
is  a large  transverse  plate  arched  in  front  which  tapers  somewhat 
posteriorly  and  is  situated  on  the  anterior  margin  of  the  thorax. 
It  extends  laterally  to  the  mesopleura,  its  dorsal  posterior  angles 
which  are  broadly  rounded  forming  lobes  covering  mesothoracic 
spiracles  (ST).  The  ventral  posterior  angles  are  definitely  pointed, 
and  extend  but  a short  distance  underneath  the  thorax.  The  front 
margin  of  the  pronotum  covers  the  points  of  attachment  between 
the  head  and  the  internal  occipital  processes  (OP)  of  the  latero- 
cervicals  (LC).  The  hind  margin  is  concave,  and  covers  the  pre- 
phragma  (PHG)  of  the  mesonotnm.  The  latero-cervical  region 
and  the  sternal  regions  differ  only  in  shape  and  size  from  the  cor- 
responding regions  in  the  generalized  form  and  need  not  be  con- 
sidered here. 

Mesothorax  (PL  XI,  figs.  16,  18,  19,  20).  The  greatest  dif- 
ferences in  structure  are  found  in  the  mesonotal  region.  The 
prescutum  (PSC)  is  not  confined  entirely  by  the  notauli  (NO,  Fig. 
5),  being  fused  posteriorly  with  the  scutum.  Since  the  posterior 
limits  are  absent,  this  area  must  be  designated  as  prescutum  plus 
scutum  (PRE  + SC).  The  parapsidal  furrows  (PF)  separate  the 
parapsides  (PA)  from  the  remainder  of  the  scutum  (SC).  The 
posterior  margin  of  the  scutum  is  separated  from  the  rest  of  the 
notum  by  the  transcutal  suture  (T).  At  the  lateral  anterior  angles 
of  the  scutellum  (SCM)  are  two  lobe-like  structures  (PRS)  which 
have  been  referred  to  by  some  taxonomists  as  the  axillae.  The 
results  of  this  study  indicate  that  they  are  the  remains  of  the 
prescutellum  which  in  Paraponera  extended  across  the  notum  as  a 
transverse  belt.  The  variation  in  this  region  is  considered  to  be 
indicative  of  existing  relationships  in  the  various  types.  The  scutel- 
lum (SCL)  is  laterally  delimited  by  secondary  carina-like  ridges. 
The  prescutellum  is  not  separated  from  the  paraseutellum  by  a 
carina-like  ridge  as  in  the  Ponerinae. 

The  pleuron  consists  of  a large  episternal  region  and  a very 
small  epimeral  region.  The  episternum  is  divided  into  an  upper 
and  a lower  plate.  The  epimeron  is  reduced  to  a small  lobe  covering 
the  metathoracic  spiracle  (S2).  The  remains  of  the  pleural  suture 
separate  the  two  regions. 

The  sternal  region  is  little  different  from  that  of  Paraponera. 
It  is  divided  into  two  general  regions,  the  basisternum  (BS2)  and 
the  furcisternum  (FS2),  the  exact  limits  of  each  being  obscure. 
Laterally  the  sternum  fuses  with  the  pleuron.  This  pleuro-sternal 
region  is  modified  posteriorly  to  form  a coxal  process. 
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Metathorax  (Pl.  XI,  fig.  16).  The  metanotum  (MTN)  is  re- 
duced to  a transverse  plate  extending  between  the  wings  similar 
to  Paraponera.  The  postscutellum  (Fig.  17)  persists  as  a groove 
extending  over  the  tergum.  The  metapleuron  (PL)  is  reduced  to 
a single  plate  corresponding  to  the  upper  plate  of  the  Ponerinae 
form.  The  metapleural  gland  is  well  developed  and  easily  visible 
through  the  integument.  The  propodeum  is  of  the  usual  type. 

Myrmicinae 
Manica  rubida  Latreille 

The  Myrmicine  thorax  possesses  characters  which  readily  aid  in 
separating  it  from  any  of  the  other  subfamilies  of  ants.  Its  shape 
and  composition  are  similar  to  that  of  Pseudomyrma  except  for 
certain  minor  but  outstanding  features.  The  prothorax  is  very 
similar  to  the  other  forms,  except  that  the  invaginations  for  the 
occipital  processes  are  much  more  pronounced. 

Mesothorax  (PI.  XII,  figs.  21,  23,  24,  25).  The  prescutal  and 
scutal  regions  are  like  those  of  Pseudomyrma.  The  prescutellum 
(PRS)  extends  all  the  way  across  the  notum  as  a transverse  band 
which  is  narrowed  in  the  center  and  widened  laterally.  It  begins 
to  show  a tendency  to  median  constriction,  a condition  preceding 
to  the  formation  of  the  two  lobes  of  the  Pseudomyrminae.  Some 
of  the  Myrmicines  have  this  region  reduced  to  two  lobes,  but  in 
general  it  persists  as  a transverse  band.  The  axillary  ridge  (AXL) 
has  disappeared. 

In  the  pleural  region  the  transverse  suture  across  the  episterum 
is  very  pronounced,  existing  as  a wide,  deep  groove  crossed  with 
oblique  striations.  An  indication  of  the  epimeral  region  is  present, 
but  the  epimeral  lobe  which  in  all  other  forms  covers  the  meta- 
thoracic  spiracle  is  absent.  In  this  as  well  as  in  all  other  Myrmi- 
cines, there  is  no  covering  for  the  spiracular  opening.  The  spiracle 
itself  is  much  reduced ; possibly  in  some  forms  it  is  absent.  Its 
reduced  size  or  possible  absence  is  a convenient  character  for  the 
identification  of  this  type  of  thorax. 

Metathorax  (PI.  XII,  fig.  21).  The  metanotum  (MTN)  is 
present  as  a rather  broad  transverse  band  extending  between  the 
wings.  The  postscutellum  exists  as  a narrow  region  partially  fused 
with  the  propodeum  posteriorly,  and  completely  fused  with  the 
pleura  laterally.  Except  in  the  upper  region,  the  pleura  (PL) 
are  completely  fused  with  the  propodeum.  The  metapleural  gland 
is  very  large,  and  conspicuous,  and  indicates  the  region  of  the  lower 
plate  of  the  pleuron.  The  sternum  is  characterized  by  the  presence 
of  lobes  around  the  furcal  pit. 
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The  propodeum  is  of  the  usual  structure  except  for  the  presence 
of  two  conical  protuberances,  one  on  either  side  of  the  body. 

Dolichoderinae 
Dolichoderus  Widens  L. 

The  thorax  of  Dolichoderus  is  in  some  respects  similar  to  that  of 
the  primitive  Pomerine  forms,  especially  when  viewed  laterally. 

Prothorax  (PI.  XIII,  figs,  26,  27,  29).  The  pronotum  is  a broad 
transverse  band  extending  around  the  front  of  the  thorax  to  the 
anterior  lateral  margins  of  the  mesopleura.  The  poster o-dor sal 
lobes  are  bluntly  rounded  and  cover  the  openings  of  the  meso- 
thoracic  spiracles.  The  postero-ventral  angles  are  pointed  and  ex- 
tend a short  distance  under  the  prothorax  along  the  anterior  margin 
of  the  mesosternum.  The  latero-cervical  and  the  sternal  regions 
are  similar  to  those  of  Paraponera. 

Mesothorax  (PI.  XIII,  figs.  26,  28,  29,  30).  The  mesonotum  is 
more  specialized  than  in  the  Ponerinae,  the  specialization  being 
most  noticeable  in  the  prescutellar  region.  The  notauli  are  lacking, 
the  scutum  being  indistinguishably  fused  into  a complex  called 
“prescutum  plus  scutum.7’  The  parasides  and  parapsidal  furrows 
are  present  and  well  defined.  The  transcutal  cleft  (T)  or  suture 
is  present  and  divides  the  notum  into  two  regions  as  in  Paraponera. 
The  prescutellum  which  in  the  Ponerine  exists  as  a transverse  belt 
across  the  entire  notum  is  reduced  to  two  lobes,  one  on  either  side 
of  the  notum  which  extend  laterally  to  the  lateral  margin  of  the 
scutellum.  A secondary  carina-like  ridge  (AXL)  separates  the 
prescutellum  into  two  regions. 

The  mesopleural  region  consists  of  a large  plate,  the  episternum 
which  is  divided  into  an  upper  and  lower  plate  by  a transverse 
suture ; and  a smaller  plate,  the  epimeron  which  covers  the  opening 
of  the  metathoracic  spiracle  (S2).  The  failure  of  the  an-katepis- 
ternal  suture  to  reach  the  meso-metathoracic  suture  probably  indi- 
cates the  limits  of  the  true  episternal  region.  The  pleuron  and 
sternum  fuse  into  a general  sterno-pleural  region,  leaving  no  indi- 
cation of  the  original  limits.  The  arrangement  of  the  sternal 
regions  is  similar  to  Paraponera. 

Metathorax  (PI.  XIII,  fig.  26).  The  metanotum  is  a transverse 
plate  extending  between  the  wings.  The  postscutellum  is  reduced 
to  a narrow  groove  area  which  is  fused  laterally  to  the  pleural 
region.  The  upper  plate  of  the  pleuron  (PL)  persists  while  the 
lower  one  is  fused  with  the  propodeum. 
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Formicinae 

Formica  sanguinea  Latreille 

The  thorax  of  this  form  is  similar  to  that  of  Dolichoderus  except 
in  two  respects,  one  in  the  notal  and  one  in  the  pleural  region.  The 
prothorax  differs  from  the  other  forms  only  in  shape  and  size  of 
the  various  regions. 

Mesothorax  (PI.  XIV,  figs.  31,  33,  34,  35).  The  prescutellum 
is  reduced  to  two  lobes,  one  in  either  side  of  the  notum.  The  axil- 
lary ridge  present  in  Dolichoderus  is  absent  in  Formica.  The 
prescutellar  lobes  are  reduced  to  a greater  extent  than  in  Dolicho- 
derus, indicating  in  this  respect  a further  degree  of  development. 
The  scutellum  is  not  divided  into  parascutellar  regions  as  Dolicho- 
derus, since  the  dividing  ridge  has  disappeared. 

In  the  pleural  region  three  regions  are  easily  recognizable,  the 
two  plates  of  the  episternum  and  the  small  epimeron.  The  opening 
of  the  metathoracic  spiracle  (S2)  is  clearly  seen  beneath  the  epi- 
meral  lobe.  The  sternal  region  is  similar  to  other  forms.  The  lower 
regions  of  the  mesopleuron  are  nearly  completely  fused  with  the 
metapleuron,  a condition  found  only  in  this  subfamily. 

Metathorax.  The  metanotum  is  of  the  usual  type,  and  the  post- 
scutellum  is  fused  posteriorly  with  the  propodeum  and  laterally 
with  the  pleura.  The  pleural  region  presents  an  unusual  condition 
in  that  the  upper  plate  is  present  in  its  entirety  while  the  lower 
plate  is  completely  fused  with  the  propodeum.  The  sternal  regions 
present  no  striking  difference  from  other  forms. 

THE  DIFFERENT  TYPES  OF  WORKER  THORAX2 

The  thorax  of  the  typical  wingless  workers,  being  secondary 
modifications  of  the  alate  types  of  thorax,  has  but  few  characters 
in  common.  Within  a subfamily  the  workers  exihibit  striking  dif- 
ferences which  aid  in  their  taxonomic  separation.  Characters  of 
the  workers  widely  used  in  taxonomy  are  those  of  the  head  and 
pedicel  and  oftentimes  color  characters,  while  thoracic  characters 
have  been  little  used.  In  the  following  discussion  the  thoracic 
struction  of  each  type  is  illustrated  (PI.  XV)  and  briefly  described. 

PONERINAE 

Myrmecia  sanguinea  F.  Smith 

The  workers  of  the  Ponerinae  are  usually  nearly  as  large  as 
the  true  females.  The  thorax  is  usually  divided  into  three  general 

2 Series  of  forms  intermediate  between  the  winged  female  and 
true  worker  have  been  considered  elsewhere.  (Tulloch,  1930 
a & b.) 
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regions : the  prothorax,  mesothorax,  and  the  metathorax  pins 
propodeum.  In  some  species  the  metanotum  is  present  and  recog- 
nizable, but  usually  the  metapleuron  and  metanotum  are  indis- 
tinguishably  fused  with  the  propodeum.  Oftentimes  the  metanotum 
becomes  reduced  to  a narrow  groove  resembling  a suture,  and  in 
such  cases  taxonomists  refer  to  these  grooves  as  the  mesoepinotal 
suture.  The  pronotum  is  usually  present  in  its  entirety,  and  the 
mesopleuron  is  separated  from  the  metapleuron  by  a distinct  suture. 
The  mesopleural  area  is  composed  entirely  of  the  episternum 
(EPM),  the  epimeron  having  disappeared.  The  notal  region  is 
fused  into  one  general  region  (MSN). 

Cerapachyinae 
Cerapachys  manni  Crowley 

The  entire  dorsum  of  the  thorax  is  not  divided  by  any  sutures, 
all  the  regions  being  fused  into  one  complex.  Laterally  the  lower 
limits  of  the  pronotum  are  retained  as  well  as  the  lower  portion 
of  the  meso-metapleural  suture.  The  pronotum  is  secondarily  di- 
vided by  a carina  into  an  anterior  and  posterior  region.  The 
presence  or  absence  of  this  character  might  be  of  some  taxonomic 
value.  This  thorax  is  one  of  the  most  highly  developed,  and  at 
the  same  time  the  most  simplified  of  any  found  among  the  insects. 

Dorylinae 
Dorylus  helvolus  L. 

The  thorax  of  the  worker  in  this  form  is  as  distinctive  as  that 
of  Cerapachys.  It  is  divided  into  two  general  regions,  the  prothorax 
and  a complex  of  meso-  and  metathorax  and  propodeum.  The 
pronotum  is  entirely  distinct  from  the  other  structures.  The  meso- 
metapleural  suture  is  present  in  the  lower  limits  of  the  thorax. 

PSEUDOMYRMINAE 

Pseudomyra  damnosa  Wheeler 

The  thorax  of  this  form  is  divided  into  three  general  regions  as 
Myrmecia,  and  so  closely  resembles  the  Ponerine  type  as  to  be 
confused  with  it.  The  presence  of  a well  developed  metapleural 
gland  visible  through  the  integument  is  one  means  of  identification, 
although  in  some  cases  this  is  not  a reliable  character. 

Myrmicinae 
Manica  ruhida  Latreille 

In  most  Myrmicines  the  entire  dorsum  is  fused  into  one  complex 
area,  but  the  direction  of  the  secondary  striations  indicate  the  limits 
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of  the  regions,  especially  between  the  pro-  and  mesonotum.  The 
suture  between  the  pronotum  and  the  mesopleuron  is  present  while 
the  suture  between  the  meso-  and  metathorax  is  nearly  entirely 
missing. 

Dolichoderinae 
Dolichoderus  bidens  L. 

In  this  subfamily  the  metanotum  is  usually  visible  in  most 
species  and  as  well  as  the  upper  plate  of  the  metapleuron  is  re- 
tained. The  propodeum  is  large  and  conspicuous,  a feature  which 
aids  in  its  identification. 


Formicinae 

Formica  exectoides  Forel 

In  this  species  the  thorax  is  divided  into  three  regions  of  equal 
size.  The  pronotum  is  separated  from  the  mesothorax  by  a distinct 
suture.  The  metathoracic  spiracle  opens  through  a tuberculate 
structure  which  occurs  only  in  this  subfamily.  In  addition  the 
upper  plate  of  the  metapleuron  may  be  distinguished,  although  it 
is  not  definitely  delimited  by  distinct  suture.  The  sutures  between 
the  pro-  and  mesothorax  and  meso-  and  metathorax  are  obliquely 
distorted  forward. 

INTERRELATIONSHIPS  OF  SUBFAMILIES 

The  general  relationship  of  the  various  subfamilies  of  ants  to 
one  another  have  been  carefully  considered  by  Wheeler  (1923). 
Basing  his  conclusions  on  morphology,  paleontology  and  ethology, 
he  has  suggested  the  following  arrangements  : The  main  groups  of 
ants,  seven3  in  number,  may  be  arranged  in  three  divisions  arising 
from  a common  ancestral  group.  In  this  arrangement  the  Ponerinae 
are  considered  to  be  the  phylogenetic  ancestor,  giving  rise  to  three 
main  and  independent  stems.  The  first  stem  comprises  the  Dory- 
linae  and  Cerapachyinae,  the  second  includes  the  Pseudomyrminae 
and  Myrmicinae,  while  the  third  contains  the  Formicinae  and 
Dolichoderinae.  This  arrangement  appears  to  be  generally  correct, 
yet  further  study  may  suggest  some  modifications.  This  .study  of 
the  thorax  substantiates  the  arrangement  suggested  by  Wheeler. 

In  the  discussion  of  the  fundamental  type  of  thorax,  Paraponera 
clavata  was  considered,  it  being  one  of  the  primitive  Ponerinae. 

3 Wheeler  (1923)  suggested  that  the  genus  Leptanilla  should 
be  given  subfamily  status.  This  opinion  has  been  corroborated  by 
G.  C.  Wheeler  (1930). 
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In  general,  the  thorax  of  the  Ponerines,  as  exemplified  by  Para- 
ponera,  is  very  generalized,  and  represents  a fundamental  type 
from  which  the  other  types  may  be  derived.  In  both  the  notal 
and  pleural  regions,  conditions  similar  to  those  found  in  closely 
related  but  less  specialized  Hymenoptera  are  present.  In  many 
respects  the  thorax  of  Ponerines  more  closely  resembles  some  other 
Hymenopteran  forms  than  it  does  the  thorax  of  the  highly  special- 
ized ants,  such  as  the  Formicines. 

In  studying  the  interrelationship  of  any  group  of  insects  it  is 
desirable  to  begin  with  the  earliest  ontological  stages  possible,  since 
by  this  procedure  it  is  possible  to  distinguish  the  primary  and 
fundamental  differentiations.  In  a majority  of  cases,  however,  the 
early  stages  are  not  available  or,  if  present,  show  no  differences. 
In  the  case  of  the  ants,  it  is  necessary  to  resort  to  the  adult  forms 
to  find  significant  differences.  Since  the  winged  male  caste  is  the 
most  conservative  among  the  ants,  and  as  it  varies  but  slightly 
throughout  the  entire  group,  it  is  of  little  value  in  determining 
the  phylogenetic  relationships.  It  is  necessary,  therefore,  to  direct 
attention  to  the  winged  female  caste.  Moreover,  as  the  winged 
female  caste  is  the  one  from  which  the  wingless  workers  arose  at 
some  time  during  phylogeny,  they  are  the  most  desirable  forms 
to  use  in  studying  their  relationships.  This  discussion  of  relation- 
ships is  based  upon  the  thoracic  structure  of  forms  considered  as 
types  found  among  the  Formicidae. 

The  particular  features  of  each  type  of  thorax  are  considered 
elsewhere.  In  the  Ponerinae  it  was  noted  that  the  prescutellum 
extended  across  the  notum  as  a transverse  band,  and  that  laterally 
it  w7as  subdivided  by  the  axillary  ridge.  The  prescutum  is  retained 
in  its  entirety  in  the  male  owing  to  the  presence  of  the  notauli 
and  the  parapsidal  furrows  which  delimit  the  parapsides.  The 
scutellum  is  secondarily  divided  into  two  lateral  areas,  the  para- 
scutella  by  a carina-like  ridge  which  is  particularly  conspicuous 
when  viewed  from  above.  In  the  mesopleural  region  the  epimeron 
is  present  as  well  as  a large  episternal  region.  The  metapleural 
region  is  distinctly  separated  from  the  propodeum  by  a distinct 
suture.  The  variability  of  these  structures  aids  in  determining  the 
relationships  of  the  subfamilies. 

The  Cerapachyinae  and  Dorylinae  are  supposed  to  have  arisen 
from  a common  Ponerinae  ancestor.  In  general  shape  the  thoraces 
of  these  forms  are  somewhat  similar ; yet,  in  composition  they  are 
vastly  different.  In  the  Cerapachyinae  the  thorax  presents  dif- 
ferentially specialized  conditions  while  in  the  Dorylinae  specialized 
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conditions  are  present.  The  prescutellum  of  Cerapachys  is  sug- 
gestive of  the  condition  found  in  the  sawflies  while  the  position  and 
modification  of  the  axillary  ridge  is  peculiar  only  to  highly  special- 
ized Hymenoptera.  The  tegula  is  very  large  and  conspicuous,  while 
in  the  Dorylinae,  as  well  as  in  all  other  ants,  it  is  much  reduced. 
The  mesonotum  is  much  flattened  in  both  forms,  a departure  from 
the  Ponerine  type.  In  Dorylus  the  prescutellum  is  reduced  to  two 
small  triangular  plates,  one  on  either  side  of  the  notum.  The  axil- 
lary ridge  is  lacking,  and  the  position  of  the  parascutal  ridge  is 
assigned  a distinctive  position.  In  most  winged  ants  it  reaches  the 
transcutal  cleft  at  the  apparent  lateral  margin  of  the  notum,  but 
in  Dorylus  it  fails  to  reach  the  transcutal  suture  at  any  point.  The 
pronotum  is  reduced  to  a triangular  plate  completely  incorporated 
within  the  mesothorax.  The  mesolhoracic  and  metathoracic 
spiracles  are  in  an  unusual  position,  being  much  further  down  in 
the  pleural  region  rather  than  in  the  general  region  between  the 
nota  and  pleura.  The  latero-cervical  region  is  reduced,  being  much 
smaller  proportionately  than  in  any  of  the  other  types.  On  the 
basis  of  the  thoraces  of  these  two  forms  the  similarities  are  few, 
being  related  only  in  general  features.  Study  of  other  regions  of 
the  body  has  indicated  the  general  relationships  of  these  groups. 
They  evidently  are  two  groups  arising  from  a common  Ponerine 
stem  which  have  become  independently  modified  to  their  present 
conditions. 

A second  line  of  development  from  the  Ponerinae  leads  to  the 
Pseudomyrminae  and  Myrmicinae.  These  two  subfamilies  formerly 
were  included  into  one  group,  the  Myrmicinae.  The  Pseudomyr- 
minae were  later  separated  off  as  they  differed  in  several  minor 
respects.  Both,  however,  have  a pedicel  consisting  of  two  well 
developed  segments.  From  the  foregoing  it  may  be  noted  that  these 
groups  are  closely  related  and  probably  arose  from  a common  an- 
cestral type.  In  general  shape  and  composition  the  two  thoraces 
are  very  similar.  The  prescutellum  is  constructed  in  the  middle  in 
Manica,  a condition  preceding  the  complete  construction  of  this 
structure  into  two  lobes,  as  in  Pseudomyrma.  This  character  is  not 
consistent,  however,  since  some  Myrmicines  have  the  prescutellum 
reduced  to  two  lobes  as  Pseudomyrma ; hence,  this  is  not  a reliable 
character  for  their  separation.  There  is  one  character  which  indicates 
morphological  divergence  from  a common  ancestor.  In  the  Pseudo- 
myrmines  the  metathoracic  spiracle  is  covered  by  a small  lobe,  the 
epimeron,  while  in  the  Myrmicines  the  metathoracic  spiracle  is 
greatly  reduced  or  absent,  and  the  epimeral  lobe  is  absent.  Some 
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investigators  have  indicated  the  position  of  the  spiracle  in  the 
Myrmicines ; yet  this  study  has  indicated  that  it  is  either  absent  or 
greatly  reduced,  and  never  as  large  and  conspicuous  as  some  illus- 
tration would  seem  to  imply.  The  character  of  the  spiracle  and 
its  covering  are  significant  characters  in  the  structural  differentia- 
tion of  the  thorax. 

The  Myrmicinae  includes  a greater  variety  of  forms  than  any 
of  the  other  subfamilies.  Probably  this  group  will  sometime  be 
resolved  into  other  divisions.  The  genera  related  to  Pheidolegeton 
on  the  basis  of  the  thoracic  structure  might  be  easily  separated  into 
a division  characterized  by  having  the  preseutellum  constricted  into 
two  triangular  lobes  similar  to  the  condition  found  in  Dorylus. 
The  erection  of  a subfamily,  however,  must  depend  upon  distin- 
guishing characteristics  from  more  than  one  region  of  the  body. 
Perhaps  this  thoracic  perculiarity  mentioned  may  supplement  other 
distinguishing  features  from  other  parts  of  the  body. 

A third  line  of  development  leads  to  the  Formicinae  and 
Dolichoderinae.  They  both  possess  a pedicel  consisting  of  a single 
highly  specialized  segment.  They  are  usually  separated  on  the 
shape  and  position  of  the  anal  orifice.  Their  thoraces  are  very 
similar  both  in  shape  and  composition.  No  important  differences 
occur  in  the  notal  regions  except  for  the  occasional  appearance 
of  the  axillary  ridge  in  some  Dolichoderines  and  its  complete  ab- 
sence in  all  Formicines.  In  the  pleural  regions  differences  are  very 
evident.  In  the  Formicines  the  suture  between  the  meso-  and  meta- 
pleuron  is  nearly  obliterated,  and  the  upper  plate  of  the  meta- 
pleuron  is  retained  in  its  entirety.  In  the  Dolichoderines  the  meso- 
metapleural  suture  is  present,  while  the  upper  plate  of  the  meta- 
pleuron  has  disappeared.  The  plate  covering  the  metathoracic 
spiracle  is  well  developed  in  the  Formicines  and  poorly  developed 
in  the  Dolichoderines. 

Assuming  that  the  more  specialized  ants  have  arisen  from  the 
Ponerines  through  three  lines  of  development,  the  following  con- 
clusions, based  on  thoracic  structure,  have  been  drawn : 

1.  The  Cerapachyinae  and  Dorylinae  arising  from  a common 
stem  have  become  so  independently  modified  that  they  retain  little 
common  to  both  forms,  the  thorax  of  the  latter  being  much  more 
highly  specialized  than  the  thorax  of  the  former. 

2.  The  Pseudomyrminae  and  Myrmicinae  are  very  closely  re- 
lated, yet  the  latter  is  slightly  more  highly  specialized. 

3.  The  Dolichoderinae  and  Formicinae  are  closely  related  in 
general  characteristics ; yet  the  thorax  of  the  latter  is  considerably 
more  highly  specialized. 
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Plate  VIII 

Thorax  of  Paraponera  clavata  F.  Sm. 


Figure  1. 
Figure  2. 
Figure  3. 
Figure  4. 
Figure  5. 


Lateral  view  of  thorax. 

Latero-cervical  and  prosternal  region. 
Lateral  view  of  mesonotum. 

Ventral  view  of  thorax. 

Dorsal  view  of  mesonotum. 


116 


ENTOMOLOGICA  AMERICANA 


Vol.  XV,  (n.  s.),  No.  3,  PL  VIII 


ENTOMOLOGICA  AMERICANA 


Vol.  XV,  No.  3 


Plate  IX 

Thorax  of  Cerapachys  manni  Crowley 


Figure  6. 
Figure  7. 
Figure  8. 
Figure  9. 
Figure  10. 


Lateral  view  of  thorax. 

Latero-cervical  and  prosternal  region. 
Lateral  view  of  mesonotum. 

Ventral  view  of  thorax. 

Dorsal  view7  of  mesonotum. 
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Plate  X 

Thorax  of  Dorylus  helvolus  L. 


Figure  11. 
Figure  12. 
Figure  13. 
Figure  14. 
Figure  15. 


Lateral  view  of  thorax. 
Latero-cervical  and  prosternal  region. 
Lateral  view  of  mesonotum. 

Ventral  view  of  thorax. 

Dorsal  view  of  mesonotum. 
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Thorax 

Figure  16. 
Figure  17. 
Figure  18. 
Figure  19. 
Figure  20. 


Plate  XI 

of  Pseudomyrma  damnosa  Wheeler 

Lateral  view  of  thorax. 

Latero-cervical  and  prosternal  region. 
Lateral  view  of  mesonotum. 

Ventral  view  of  thorax. 

Dorsal  view  of  mesonotum. 
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Plate  XII 

Thorax  of  Manica  rubida  Latreille 


Figure  21. 
Figure  22. 
Figure  23. 
Figure  24. 
Figure  25. 


Lateral  view  of  thorax. 

Latero-cervical  and  prosternal  region. 
Lateral  view  of  mesonotum. 

Ventral  view  of  thorax. 

Dorsal  view  of  mesonotum. 
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Plate  XIII 

Thorax  of  Dolickoderus  ( Hypoclinea ) bidens  L. 


Figure  26. 
Figure  27. 
Figure  28. 
Figure  29. 
Figure  30. 


Lateral  view  of  thorax. 

Latero-cervical  and  prosternal  region. 
Lateral  view  of  mesonotum. 

Ventral  view  of  thorax. 

Dorsal  view  of  mesonotum. 
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Plate  XIV 

Thorax  of  Formica  sanguinea  Latreille 


Figure  31. 
Figure  32. 
Figure  33. 
Figure  34. 
Figure  35. 


Lateral  view  of  thorax. 

Latero-cervical  and  prosternal  region. 
Lateral  view  of  mesonotum. 

Ventral  view  of  thorax. 

Dorsal  view  of  mesonotum. 
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Plate  XY 


Figure  36. 
Figure  37. 
Figure  38. 
Figure  39. 
Figure  40. 
Figure  41. 
Figure  42. 


Thorax 

Thorax 

Thorax 

Thorax 

Thorax 

Thorax 

Thorax 


of  Myrmecia  sanguined  worker, 
of  Cerapachys  manni  worker, 
of  Dolichoderus  bidens  worker, 
of  Manica  rubida  worker, 
of  Pseudomyrma  damnosa  worker, 
of  Formica  exectoides  worker, 
of  Dorylus  helvolus  worker. 
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INTRODUCTION 

The  genus  Trichiotinus,  a genus  of  scarabaeid  beetles  now  known 
to  contain  only  eight  species,  belongs  to  the  sub-family  Trichiinae 
and  to  the  tribe  Trichiini  (Schenkling,  1922).  Members  of  the 
genus  are  well  distributed  throughout  most  of  the  United  States, 
but  to  date  there  are  no  authentic  records  of  specimens  captured  in 
Oregon,  California,  or  Nevada.  Northward  the  genus  is  represented 
in  all  of  the  Canadian  provinces  adjoining  the  United  States.  The 
most  northern  record  is  that  of  a specimen  taken  near  the  McKenzie 
River  in  the  Northwest  Territories.  The  beautifully  colored  adults, 
which  may  be  found  during  the  daytime  either  feeding  upon  the 
pollen  or  resting  within  the  flowers  of  a large  number  of  our  common 
plants,  have  attracted  the  attention  of  entomologists  since  the  first 
species  were  described  by  Fabricius  in  1775.  A number  of  later 
workers,  however,  were  baffled  by  the  numerous  color  variations 
exhibited  within  the  genus.  Some  taxonomists  recognized  only  a 
single  species  with  many  varieties,  while  other  systematists  main- 
tained that  distinct  species  were  involved.  As  a result  the  synonymy 
of  the  species  has  been  greatly  confused,  but  a discussion  of  this  dis- 
cordance will  be  deferred  until  later. 

Many  writers  and  collectors  imply  or  definitely  state  that  mem- 
bers of  this  genus  are  destructive  to  flowers,  particularly  to  the 
flowers  of  roses,  but  observations  and  experiments  carried  on  by 
the  writer  do  not  entirely  confirm  this  idea.  Lugger  (1899)  states 
that  several  species  of  this  genus  are  fond  of  flowers,  and  that  they 
sometimes  cause  much  injury  to  roses  by  eating  both  pollen  and 
petals.  Chittenden  (1901)  records  that  he  received  a specimen  of 
Trichiotinus  piger  (Fab.)  from  Mr.  E.  G.  Asmus,  a rose  grower  at 
West  Hoboken,  New  Jersey,  who  reported  that  this  species  was  caus- 
ing much  injury  to  greenhouse  roses,  especially  to  the  variety  known 
as  the  Bride.  According  to  a later  passage  in  this  account  “The 
beetles  burrow  into  the  center  of  the  roses,  destroy  the  flowers 
completely,  and  also  eat  the  foliage.”  Dietz  observed  that  this 
same  species  damaged  the  flowers  of  hybrid  perpetual  roses  early 
in  June  (Davis,  1925).  However,  he  believed  that  the  beetles  were 
after  the  pollen  but  were  ruining  the  flowers  in  their  attempts  to 
reach  the  stamens.  Although  I have  spent  many  hours  observing 
and  collecting  large  numbers  of  this  species  from  the  flowers  of 
peonies  and  roses,  I have  never  witnessed  an  individual  feeding  on 
the  petals  or  the  leaves  of  these  plants.  The  field  observations  were 
checked  in  the  laboratory  by  isolating  a number  of  the  beetles  with 
rose  flowers  in  flower  pots  and  in  salve  boxes  and  it  was  definitely 

134 


October,  1935 


ENTOMOLOGICA  AMERICANA 


observed  that  only  the  pollen  was  eaten.  In  this  connection  it  is 
interesting  to  note  the  character  of  the  monthparts.  The  somewhat 
sickle-shaped  mandibles  of  the  beetle  are  quite  small  and  bear  no 
cutting  teeth.  Other  parts  such  as  the  labrum,  maxillae,  and  labium 
are  densely  clothed  with  short  and  long  setae,  those  on  the  galea  and 
lacinia  of  the  maxilla  serving  as  brushes  to  collect  and  sweep  in  the 
pollen  at  the  time  of  feeding.  As  suggested  by  Dietz,  however, 
injury  to  roses  may  occur  when  the  beetles  attempt  to  reach  the 
stamens.  The  beetles  generally  alight  on  the  plant  in  the  vicinity 
of  a blossom  and  attempt  to  gain  entrance  to  the  interior  of  the 
flower.  As  the  clumsy  beetle  forces  its  way  into  the  flower  it  often 
rips  the  tender  petals  with  its  sharp  tarsal  claws.  Toward  the  end 
of  the  flowering  period  I have  noted  that  alighting  beetles,  by  their 
sheer  weight,  may  cause  most  of  the  petals  to  drop  to  the  ground. 

As  mentioned  previously,  Trichiotinus  adults  are  attracted  to  the 
blossoms  of  many  flowering  plants  and  feed  upon  the  pollen.  As 
the  beetles  fly  from  flower  to  flower,  pollen  grains  become  lodged 
among  the  hairs  on  the  body.  Thus,  the^e  beetles  serve  as  impor- 
tant agents  in  pollen  distribution.  Needham  (1900)  believed  that 
T.  piger  might  be  of  importance  as  a pollenizing  agent  of  I.  versi- 
color if  it  passed  directly  from  flower  to  flower,  but  he  did  not  note 
such  a movement  and  was  inclined  to  think  that  it  rarely  occurred. 
In  the  case  of  single  roses,  mock  orange,  etc.,  the  beetles  frequently 
fly  directly  from  flower  to  flower,  particularly  during  the  hottest 
hours  of  the  day.  A large  number  of  the  specimens  studied  in  the 
taxonomic  part  of  this  work  carried  pollen  grains  on  the  hairy  cover- 
ing and  in  the  punctations  of  many  different  parts  of  the  body. 
In  some  individuals  such  copious  amounts  of  pollen  were  embedded 
on  the  head,  thorax,  and  elytra  that  it  was  difficult  to  detect  the 
otherwise  easily  observable  punctations  and  striations. 

The  grubs  of  Trichiotinus  develop  in  old  stumps  of  deciduous 
trees  and  in  decaying  branches  that  have  fallen  to  the  ground.  Thus, 
the  larvae  may  be  considered  as  useful  in  the  disintegration  of  de- 
caying wood.  Observations  made  the  past  three  years  in  Minnesota 
and  Kansas  have  failed  to  reveal  a single  instance  in  which  the  grubs 
were  established  in  or  causing  damage  to  growing  trees. 

All  previous  work  pertaining  to  the  classification  of  members  of 
this  genus  has  been  entirely  on  a morphological  basis,  and  limited 
to  a study  of  the  external  features  of  the  adult.  Moreover,  most  of 
the  original  descriptions  and  all  of  the  revisions  have  been  founded 
upon  a small  number  of  specimens,  several  species  having  been  orig- 
inally described  from  single  examples.  I am  convinced  that  a 
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thorough  taxonomic  study  should  be  based  on  a quantitative  sample 
composed  not  only  of  specimens  obtained  throughout  the  distribu- 
tional range  of  a species,  but  also  upon  a large  series  of  examples 
from  a given  micro-habitat  or  limited  area  of  distribution.  Through 
the  courtesy  of  many  individuals  and  institutions  acknowledged 
elsewhere,  I assembled  approximately  4,500  specimens  of  the  genus 
Trichiotinus  for  the  taxonomic  portion  of  this  study,  which  included 
material  from  practically  all  important  insect  collections  of  the 
United  States  and  Canada.  With  an  abundance  of  material  at  hand, 
I attempted  to  identify  the  different  species  according  to  existing 
keys,  but  I soon  realized  that  such  keys  were  inadequate.  Although 
it  was  possible  to  identify  some  specimens  by  means  of  the  char- 
acters used:  namely,  coloration,  pubescence  and  punctation;  it 
was  impossible  to  identify  certain  of  the  variants  and  discolored 
specimens.  My  difficulties  were  somewhat  alleviated  upon  discover- 
ing that  there  were  differences  in  the  shape  of  both  the  male  and 
female  genitalia  of  the  different  species.  On  the  other  hand,  the 
problem  was  further  complicated  in  that  certain  specimens  appear- 
ing alike  externally  possessed  marked  differences  in  the  genitalia. 
Male  specimens  thought  to  belong  to  a single  species  possessed,  simi- 
lar claspers  which,  however,  varied  slightly  in  the  shape  of  their 
dentations.  A careful  study  of  the  life  history  of  one  such  species, 
Trichiotinus  piger  (Fab.),  has  revealed  most  of  the  expected  varia- 
tions in  color  and  in  genitalia,  and  this  knowledge  of  variation  has 
been  of  inestimable  value  in  evaluating  and  delimiting  closely  allied 
species  and  in  determining  certain  phylogenetic  relationships  of 
members  within  the  genus.  The  genitalia,  especially  in  the  males, 
are  invariable  in  most  of  the  species  as  determined  by  the  dissection 
of  over  2,000  beetles.  Inasmuch  as  the  published  biological  data  on 
these  attractive  beetles  are  meager  and  widely  scattered,  the  writer 
will  summarize  it  in  the  following  pages  with  the  hope  of  stimulating 
further  research  in  this  direction. 

BIOLOGICAL  DISCUSSION 
Review  of  Literature 

Many  individuals  doubtless  have  attempted  to  rear  species  of 
Trichiotinus.  Most  of  them  must  have  met  with  defeat  if  the  small 
amount  of  data  accumulated  by  a careful  survey  of  the  literature 
may  be  used  as  an  index  of  success.  Another  possibility  is  that 
specimens  have  been  reared  here  and  there  and  that  the  observers 
thought  their  results  were  insignificant  or  possibly  not  extensive 
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enough  for  publication.  While  studying  type  material  at  the 
United  States  National  Museum  my  attention  was  called  to  Dim- 
mock’s  unpublished  entomological  notes,  a small  part  of  which  re- 
fers to  this  genus.  Examples  of  all  of  Dimmock’s  rearings  are 
located  in  the  museum  collection  and  I have  verified  all  of  his  identi- 
fications. Inasmuch  as  these  notes  contain  valuable  information 
concerning  three  species  of  this  genus,  I am  including  them  in  parts 
of  this  review.  Most  of  the  biological  notes  referring  to  this  genus 
pertain  to  the  species  of  flowers  upon  which  the  different  beetles 
were  obtained,  and  have  been  gleaned  chiefly  from  faunal  lists, 
entomological  reports,  and  papers  dealing  with  pollination. 

T.  piger  (Fab.)  is  recorded  as  having  been  captured  on  the 
flowers  of  the  following  plants:  Iris  versicolor,  Rhus,  Ceanothus 
(Needham,  1900)  • rose  (Chittenden,  1901)  ; Ceanothus  americanus 
(Dimmock)  ; Solidago  canadensis,  Erigeron  animus,  Erigeron  phila- 
delphicus,  Achillea  millefolium,  Cirsium  altissimum,  Cirsium  arvense 
(Graenicher,  1909)  ; Ceanothus  americanus  (Manee,  1909)  ; roses 
(Morse,  1910)  ; hawthorn  (Morris,  1909)  ; Ceanothus,  wild  hydran- 
gea (Blatchley,  1910)  ; Spiraea  salicifolia,  Cornus  alternifolia,  Vi- 
burnum nudum  (Lovell,  1915)  ; New  Jersey  tea,  magnolia  (Dozier, 
1918)  ; wild  rose  (Dawson,  1922)  ; roses  (Davis,  1925)  ; Apocynum 
cannabinum,  Asclepias  sullivantii,  Asclepias  syriaca,  Asclepias  ver- 
ticillata,  Asclepias  incarnata,  Erigeron  philadelphicus,  Parthenium 
integrifolium,  Cornus  paniculata,  Iris  versicolor,  Blephilia  ciliata, 
Pycnanthemum  flexuosum,  Melilotus  alba,  Melanthium  virginicum, 
Aruncus  Sylvester,  Rosa  setigera,  Rubus  villosus,  Cephalanthus  occi- 
dentalis,  Houstonia  purpurea,  Pentstemon  laevigatus,  Eryngium 
yuccifolium,  Heracleum  lanatum,  Pastinaca  sativa  (Robertson, 
1929)  ; wild  rose  (Hatch,  1930).  Additional  records  obtained  from 
labeled  specimens  examined  in  the  systematic  part  of  this  paper  are 
as  follows:  rose  (H.  Shepard,  M.  M.  High,  J.  J.  Davis,  H.  Cooke)  ; 
prickly  poppy  (S.  L.  Mason)  ; Cornus  (W.  J.  Brown)  ; Apocynum 
cannabinum  (W.  E.  Hoffmann)  ; milfoil  (M.  W.  Sanderson)  ; Con- 
volvulus repens  (O.  A.  Stevens)  ; sumac  (McColloch)  ; thistle 
(McColloch)  ; magnolia  (W.  T.  Dillard)  ; Viburnum  (C.  A.  Frost)  ; 
wild  rose  (J.  W.  Franzen)  ; magnolia  (Mrs.  C.  H.  Newcomb)  ; Iris 
(H.  O.  Marsh)  ; Daucus  carota  (P.  P.  Babiy)  ; daisy  (L.  B.  Wood- 
ruff) ; Verbesina  helianthoides  (C.  R.  Jones)  ; Asclepias  latifolia 
(F.  C.  Bishopp)  ; Anogra  pallida  (W.  D.  Pierce)  ; Carduus  (F.  C. 
Bishopp,  W.  W.  Yothers)  ; water  lily  (G.  E.  Hopper)  ; Spiraea  (A. 
C.  Burrill)  ; aster  (F.  C.  Bishopp)  ; Rubus  (Cushman  and  Pierce)  ; 
Russian  olive  (J.  Hitchcock). 
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Morse  (1910)  records  that  adults  of  Trichiotinus  piger  have  been 
reared  by  L.  H.  Joutel  from  larvae  taken  in  oak  stumps.  Data  on 
labeled  specimens  signify  that  this  species  has  been  reared  from 
grubs  taken  in  poplar,  decayed  black  oak  (R.  A.  St.  George),  Cas- 
tanea  dentata  (T.  E.  Snyder),  and  Castanea  pumila  (T.  E.  Snyder). 
Dimmock  (unpublished  manuscript)  found  piger  grubs  in  decaying 
maple  wood,  in  decaying  bark  of  Quercus  velutina,  beneath  a chest- 
nut log,  and  in  a decaying  stump  of  Quercus  alia.  He  noted  that 
pupation  took  place  in  one  lot  of  isolated  material  before  May  14, 
1898,  and  tabulated  the  emergence  of  one  beetle  on  May  28th  and 
two  beetles  on  May  30th.  Regarding  pupae  taken  in  the  bark  of  an 
oak  stump,  Dimmock  mentions  that  the  larvae  had  eaten  cavities  in 
the  rather  hard  bark  for  pupation. 

Nothing  has  been  published  on  the  developmental  stages  of  T. 
rufobrunneus  (Casey)  and  T.  texanus  (Horn).  Mr.  P.  W.  Fattig 
has  taken  many  adults  of  the  former  species  on  the  flowers  of  prickly 
poppy,  chinquapin,  and  Opuntia.  T.  texanus  is  attracted  to  the 
blossoms  of  magnolia  (Hamilton,  1894)  ; Carduus  (Fall  and  Cock- 
erell, 1907)  ; and  chinquapin  (Dozier,  1918).  According  to  data  on 
specimens  at  hand,  this  species  is  also  found  on  the  flowers  of  the 
following  plants:  haw  and  cactus  (G.  0.  Wiley)  ; Callirhoe  alcae- 
oides  (W.  D.  Pierce)  ; Opuntia  (F.  C.  Pratt,  J.  C.  Crawford,  W.  D. 
Pierce)  ; Carduus  (W.  D.  Pierce,  F.  C.  Bishopp). 

With  regard  to  T.  assimilis  (Kirby),  Dimmock  (unpublished 
manuscript)  found  five  larvae  in  decaying  maple  bark  at  Spring- 
field,  Massachusetts,  about  March  10,  1898.  These  grubs,  which 
were  nearly  mature,  pupated  before  April  25th  and  one  emerged  on 
May  19th  of  the  same  year.  Dimmock  also  collected  two  larvae  in 
decaying  wood  of  Betida  popidifolia  at  West  Springfield,  Massachu- 
setts, on  March  10,  1900.  Pupation  of  these  grubs  occurred  a short 
time  afterward,  and  one  beetle  emerged  on  April  15th.  As  noted  by 
the  collectors  named  below,  assimilis  has  been  taken  on  the  follow- 
ing flowers:  rose  (R.  H.  Handford)  ; Viburnum,  Geranium,  Cornus 
(C.  A.  Frost)  ; wild  rose  (D.  Denning,  L.  Orr,  A.  L.  Roe,  R.  G. 
Cottrell)  ; Spiraea  latifolia,  Thalictrum  polygamum  (M.  W.  Black- 
man) ; Canada  thistle  (R.  G.  Cottrell)  ; blackberry  (L.  G.  Gentner). 

A few  biological  notes  are  available  on  T.  affinis  (G.  & P.). 
Dimmock  (unpublished  manuscript)  took  two  larvae  in  decaying 
wood  of  Popidus  grandidentata  on  April  12,  1901,  at  Springfield, 
Massachusetts.  One  pupated  before  May  2nd,  and  both  emerged  as 
adults  before  May  17th  of  the  same  year.  According  to  some 
labeled  specimens  examined,  R.  W.  Van  Horn  reared  adults  of  this 
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species  from  pupae  taken  in  oak  on  April  25th  and  May  1st,  1908, 
in  District  of  Columbia.  Blackman  (1918)  studied  the  seasonal  dis- 
tribution of  affinis  in  New  York  and  found  that  the  beetles  occurred 
in  some  numbers  throughout  the  entire  summer,  but  they  were  most 
numerous  in  July.  Furthermore,  in  the  early  season,  adult  beetles 
were  taken  most  frequently  on  the  blossoms  of  raspberry,  blackberry, 
and  daisy.  When  Spiraea  latifolia  bloomed  the  adults  showed  a 
decided  preference  for  this  flower.  Blackman  and  Stage  (1924) 
writing  about  insects  emerging  from  dead  hickory  mention  that  dur- 
ing the  third  summer  T.  affinis , among  a number  of  other  species, 
was  taken  under  the  decaying  bark  or  in  the  partly  decayed  wood. 
A single  specimen  emerged  from  one  of  their  rearing  cages  on  June 
27th  under  outdoor  conditions.  This  individual  was  derived  from 
half  the  butt  section  of  a hickory  tree  19  inches  in  diameter  which 
had  been  dead  for  three  years.  On  July  12,  1918,  Blackman  ob- 
tained an  adult  female  from  a dead  and  partly  decayed  beech  log 
at  Cranberry  Lake,  New  York  (Blackman  and  Stage,  1924).  He 
makes  these  interesting  remarks  concerning  the  find:  “In  passing 
along  an  old  tote  road  a small  pile  of  sawdust  was  noticed.  This 
was  removed  by  blowing  and  a specimen  of  this  beetle  was  removed. 
On  dissecting  the  burrow  it  was  found  that  the  scarabaeid  was  enter- 
ing the  burrow  of  a leaf-cutting  bee,  in  accomplishing  which  it  found 
it  necessary  to  enlarge  the  entrance.  In  the  burrow  was  found  three 
leaf  capsules  each  containing  a bee  larva  and  its  supply  of  food.  It 
would  be  interesting  to  know  whether  the  object  of  this  assault  upon 
the  bees  7 nest  was  to  obtain  the  store  of  honey  and  pollen  or  for  the 
purpose  of  laying  its  eggs. 7 7 

Flowers  upon  which  affinis  has  been  taken,  in  addition  to  those 
recorded  by  Blackman,  are  as  follows  : wild  species  of  Rosa  (Snyder, 
1897)  ; Ceanothus  americanus  (Dimmock,  unpublished  manu- 
script) ; Spiraea  salicifolia,  Rubus,  Viburnum  nudum,  Cornus  alter- 
nifolia,  Viburnum  dentatum  (Lovell,  1915)  ; Chrysanthemum 
leucanthemum,  Sambucus  canadensis,  Viburnum  cassinoides,  Rubus, 
Achillea  millefolium,  Acer  spicatum  (Hatch,  1924)  ; Cornus  panicu- 
lata,  Blephilia  ciliata,  Pycnanthemum  flexuosum,  Smilacina  race- 
mosa,  Aruncus  Sylvester,  Heracleum  lanatum  (Robertson,  1929). 
Additional  records  obtained  from  labeled  specimens  that  were  avail- 
able for  the  systematic  study  are  here  presented:  Spiraea,  daisy  (L. 
B.  Woodruff)  ; Viburnum  nudum  (W.  L.  McAtee)  ; Daucus  carota 
(P.  P.  Babiy)  ; Ceanothus  americanus  (H.  L.  Viereck). 

Little  is  known  concerning  the  biology  of  the  three  remaining 
species  of  the  genus  Trichiotinus.  One  female  viridans  was  taken 
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on  Asclepias  flowers  at  Frontenac,  Minnesota,  by  Dr.  C.  E.  Mickel. 
Viridulus  has  been  noted  on  the  following  flowers  : Ceanothus  ameri- 
canus  (Manee,  1909)  ; southern  papaw,  chinquapin  (Dozier,  1918)  ; 
wild  rose,  dwarf  palmetto  (Blatchley,  1930).  According  to  labeled 
specimens  at  hand,  W.  D.  Pierce  has  taken  this  species  on  Asclepias, 
and  J.  A.  McLemore  has  taken  it  on  the  flowers  of  huckleberry. 
Other  records  indicate  that  adults  of  T.  bibens  (Fab.)  were  taken 
in  a rotten  log  by  F.  Fisk  and  R.  E.  Byers  on  May  20,  1933,  at  War- 
ren County,  Indiana.  Blatchley  (1910)  states  that  this  species 
pupates  beneath  loose  bark  and  flat  stones.  Mr.  W.  C.  Stehr  (in 
correspondence  with  Dr.  C.  E.  Mickel)  writes  that  he  took  two  adult 
specimens  of  this  species  in  decaying  chestnut  logs  on  May  5th  and 
May  11, 1933,  at  Coolville  and  Athens,  Ohio,  respectively.  T.  bibens 
has  been  collected  on  the  following  flowers:  Ceanothus  (Bill.); 
blackberry  (Hamilton,  1895)  ; Viburnum  pubescens  (Morse,  1909)  ; 
and  different  species  of  Cornus  (Blatchley,  1910). 

THE  BIOLOGY  OF  TRICHIOTINUS  PIGER 
(FABRICIUS) 

Synonymy  and  Description  of  Adult.- — (See  p.  154) . Since  the 
mature  adult  of  T.  piger  is  described  elsewhere  in  this  paper,  a con- 
sideration of  the  teneral  form  follows  here.  The  head  and  thorax 
of  newly  emerged  adults  are  rufescent  to  black  in  color,  the  wing 
covers  are  white,  while  generally  the  abdominal  segments  are  white 
anteriorly  and  orange  or  light  brown  posteriorly.  Moreover,  the 
abdomen  of  the  beetle  is  very  long,  the  caudal  end  almost  reaching 
the  tip  of  the  posterior  wings  which  are  unfolded  at  the  time  of 
emergence.  The  genitalia,  which  are  extruded  during  the  pupal 
molt,  are  not  withdrawn  into  the  pygidial  segment  until  molting  is 
completed. 

Habitat. — Adult  beetles  of  this  species  are  attracted  to  the 
flowers  of  many  common  plants  which  not  only  supply  the  beetles 
with  an  abundance  of  pollen,  but  afford  them  protection  during  the 
warmer  parts  of  the  day  and  at  night.  During  the  course  of  this 
study  I have  taken  T.  piger  adults  at  St.  Paul,  Minnesota,  on  the 
flowers  of  different  varieties  of  Rosa,  Iris  versicolor  L.,  white  and 
pink  varieties  of  Paeonia,  Philadelphus  coronarius  L.,  Sorbaria 
sorbifolia  (L.),  Apocynum,  Cornus  paniculata  L’Her.,  and  Syringa 
vidgaris  L.  In  1932  the  beetle  population  here  seemed  to  be  at  a 
low  ebb,  for  only  25  specimens  were  captured  during  the  summer 
collecting  period.  All  of  the  beetles  in  this  catch  were  taken  on 
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species  of  Rosa.  While  collecting  from  rose  blossoms  the  following 
summer,  however,  the  writer  chanced  to  see  one  of  these  beetles  alight 
on  a nearby  peony  blossom.  Investigation  revealed  several  of  the 
beetles  lying  in  an  inactive  state  at  the  base  of  the  petals  where  they 
would  have  escaped  detection  had  not  the  petals  been  spread  widely 
apart.  Subsequently,  I visited  a nearby  peony  bed  which  adjoins 
an  old  oak  grove  on  the  University  Farm  campus,  and  much  to  my 
surprise  I was  able  to  collect  large  numbers  of  this  pretty  beetle  with 
comparative  ease.  In  1934  specimens  were  taken  on  peonies  and 
roses  as  early  as  May  31.  Collections  were  made  daily  at  the  small 
peony  bed  near  the  oak  grove  and  approximately  350  beetles  were 
captured  within  the  next  10  days.  As  many  as  seven  beetles  were 
removed  from  a single  peony  blossom.  Larger  peony  beds  in  nur- 
series and  parks  were  also  visited,  but  they  yielded  comparatively 
few  specimens.  The  peak  of  emergence  occurred  during  the  first 
two  weeks  in  June,  and  at  this  time  the  beetles  showed  a decided 
preference  for  the  blossoms  of  the  peony.  After  the  peony  bloom 
expired,  which  was  about  June  24  in  Saint  Paul,  the  beetles  were 
found  in  larger  numbers  on  the  adjoining  rose  and  mock  orange  blos- 
soms than  at  any  previous  time,  but  the  number  of  specimens  taken 
at  this  late  date  was  relatively  small. 

Grubs  of  T.  piger  (Fab.)  have  been  taken  in  decayed  oak  wood 
at  St.  Paul,  Minnesota,  and  in  decaying  cherry  wood  and  a few  old 
unidentifiable  decayed  stumps  at  Douglas  County,  Kansas.  Those 
larvae  obtained  in  decaying  oak  stumps  had  made  extensive  tunnels 
in  the  wood  just  under  the  bark.  Most  of  these  stumps  had  been 
dead  for  a number  of  years  and  the  central  portion  had  already 
undergone  disintegration;  therefore,  the  majority  of  the  grubs  were 
feeding  in  the  outer  few  inches  of  wood  which  may  become  extremely 
hard  upon  weathering.  The  grubs  usually  work  a few  inches  above 
the  soil  surface  and  occasionally  may  be  detected  by  frass  which  has 
become  attached  to  the  outer  part  of  the  stump  or  which  has  accumu- 
lated in  a small  pile  at  the  base  of  the  stump.  As  a rule,  however, 
one  does  not  perceive  the  grubs  until  debarking  or  carefully  chip- 
ping apart  the  underlying  decayed  wood.  If  the  outer  portion  of 
the  stump  is  dry  and  hardened,  it  is  extremely  difficult  to  remove 
the  grubs  without  injury.  I have  removed  as  many  as  seven  grubs 
from  a large  oak  stump,  but  the  number  of  grubs  occurring  in  in- 
fested stumps  usually  varies  from  two  to  four  to  a stump.  During 
the  latter  part  of  April  the  grubs  hollow  out  cells  in  the  wood,  ap- 
proximately 18  mm.  long  by  8 mm.  wide,  in  which  they  later  spend 
the  prepupal  and  pupal  stages.  Although  hundreds  of  stumps  and 
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logs  have  been  examined  in  the  central  part  of  Minnesota  during 
the  course  of  this  study,  I was  able  to  take  a total  of  only  24  grubs 
of  this  species  in  three  years  ’ collecting. 

On  December  28,  1932,  while  collecting  in  a deciduous  woods 
one-half  mile  east  of  Lawrence,  Kansas,  I noticed  a small  cherry 
orchard  nearby.  This  orchard,  being  on  top  of  a hill,  was  accessible 
to  winds  and  many  of  the  trees  were  badly  broken.  The  old  cherry 
branches  strewn  beneath  the  trees  were  in  most  instances  found  to 
be  rotted  throughout  after  the  removal  of  the  tough  outer  bark. 
From  these  branches  approximately  one  hundred  grubs  of  T.  piger 
were  obtained.  Most  of  the  grubs  were  secured  from  branches  about 
three  inches  in  diameter.  These  branches  were  easily  broken  due  to 
the  fact  that  they  were  moist  and  that  much  of  the  wood  had  become 
pulverized  by  larval  tunneling.  However,  the  grubs  are  rarely 
found  in  the  crumbled  wood,  but  in  the  bordering  knots  or  harder 
portions  of  the  branch  in  which  they  form  definite  overwintering 
cells.  Although  a few  piger  grubs  were  collected  from  standing 
dead  trees,  it  appears  that  they  prefer  old  stumps  and  fallen 
branches  that  have  seasoned  three  or  four  years. 

Hibernation. — T.  piger  passes  the  winter  as  a mature  grub  either 
within  a definite  cell  hollowed  out  in  the  wood  beneath  the  bark  of 
old  stumps,  or  in  the  undisintegrated  parts  of  decaying  branches  of 
oak,  cherry,  and  other  deciduous  trees. 

Proportion  of  Sexes. — While  identifying  members  of  the  genus 
Trichiotinus  obtained  from  private  and  institutional  collections,  I 
noticed  that  the  number  of  males  greatly  exceeded  that  of  the 
females.  This  was  especially  noticeable  in  the  case  of  piger , so  field 
and  laboratory  studies  were  carried  on  to  secure  further  information 
on  this  point.  During  June  of  1933  and  1934,  a total  of  488  males 
and  171  females  were  collected  from  the  blossoms  of  peonies  grow- 
ing in  a small  bed  on  the  University  Farm  campus.  These  figures 
indicate  a sex  ratio  of  approximately  0.26.  Reared  specimens,  on 
the  other  hand,  did  not  confirm  this  proportion  of  the  sexes.  Out 
of  115  rearings  there  appeared  60  males  and  55  females  which  gives 
a sex  ratio  of  approximately  0.48  for  this  species. 

Mating. — Pairing  under  field  conditions  has  been  observed  dur- 
ing the  heat  of  the  day  throughout  most  of  June  on  the  blossoms  of 
peonies,  mock  orange,  and  roses.  Unlike  many  other  scarabaeid 
beetles,  mating  in  this  species  may  be  readily  induced  under  labora- 
tory conditions.  There  is  no  evidence  of  preferential  mating  on  the 
part  of  the  female  and  a connection  between  the  male  and  female  is 
easily  effected  unless  there  is  a great  discrepancy  in  their  size. 
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Usually,  as  soon  as  the  two  sexes  were  brought  into  contact  with 
each  other  in  a vial  (2f  inches  long,  f inch  diameter)  held  beneath 
an  electric  light,  pairing  took  place  immediately.  In  mating  the 
male  mounts  the  female,  clasps  his  forelegs  around  the  prothorax 
of  the  female  and  crosses  them,  encircles  the  middle  legs  about  the 
female  in  front  of  her  metathoracic  legs,  while  his  hind  legs  are 
usually  clasped  about  her  abdomen.  Then  the  male  strokes  the  pro- 
notum  of  the  female  rapidly  with  his  maxillae  and  gradually  extends 
the  genital  armature.  The  distal  end  of  the  clasper  is  used  as  a 
wedge  to  pry  open  the  pygidium  of  the  female  enough  to  allow  en- 
trance, after  which  the  entire  clasper  serves  to  keep  the  genital  plates 
of  the  female  spread  during  copulation.  The  copulatory  organ  of 
the  male  protrudes  between  the  widely  spread  claspers  and  is  in- 
serted at  the  time  the  entire  male  clasper  slips  into  position.  Dur- 
ing copulation  the  female  walks  about  or  feeds  while  supporting  the 
male  on  her  back.  Copulation  may  be  terminated  by  the  female  if 
she  is  able  to  direct  a good  push  at  the  male  with  one  of  her  hind 
legs  or  when  the  enormously  distended  copulatory  organ  of  the  male 
causes  the  claspers  to  become  loosened  and  eventually  to  be  with- 
drawn from  the  female.  The  beetles  are  easily  disturbed  during 
copulation  and  may  terminate  the  act  prematurely  if  they  are 
roughly  shaken.  Specimens  collected  in  the  field  for  biological 
study  were  placed  in  a bottle  containing  cellu-cotton,  and  many  of 
them  mated  immediately  or  while  they  were  being  transported  to  the 
laboratory.  Pairs  isolated  in  salve  tins  for  subsequent  study  were 
often  noted  to  be  in  coitu  when  examined  later.  The  writer  had  lit- 
tle difficulty  in  pairing  reared  beetles  and  securing  eggs  from  the 
females,  provided  the  adults  were  at  least  two  days  old  before  being 
induced  to  mate. 

The  immediate  pairing  of  teneral  beetles  is  inadvisible  as  evi- 
denced in  the  account  below.  On  April  15,  1933,  I introduced  a 
one  day  old  reared  female  with  a male  that  had  emerged  16  days 
before,  and  the  male  attempted  copulation  immediately.  Since  the 
body  of  the  female  was  relatively  soft,  the  male  had  difficulty  trying 
to  insert  the  claspers,  and  grasped  her  so  tightly  around  the  abdo- 
men with  his  legs  that  it  became  greatly  distorted.  Finally  a con- 
nection was  effected  and  the  male  drew  the  abdomen  of  the  female 
upward  and  under  her  elytra,  bending  it  almost  double,  causing  the 
abdomen  of  the  female  to  rupture  along  the  intersegmental  mem- 
brane between  the  third  and  fourth  segments.  Although  the  female 
was  still  alive  at  the  conclusion  of  the  five-minute  copulatory  period, 
she  was  greatly  weakened  and  died  a few  days  later. 
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Laboratory  and  field  observations  revealed  that  copulation  may 
be  consummated  in  one  minute  or  require  a maximum  of  25  minutes, 
the  mean  duration  of  time  required  by  80  pairs  being  6 minutes. 
Most  of  the  beetles  undoubtedly  pair  more  than  once  during  their 
lifetime  and  with  different  individuals.  One  female  specimen  col- 
lected at  midday  on  June  1,  1934,  paired  13  minutes  with  one  male 
and  shortly  afterward  she  paired  10  minutes  with  another  male.  In 
the  laboratory  that  evening  she  paired  with  four  additional  males 
in  rapid  succession. 

At  another  time  I introduced  a female  T.  viridans  with  a large 
number  of  mature  males  of  piger  in  a bottle,  affording  ample  oppor- 
tunity for  mating,  but  the  males  paid  no  attention  to  the  female. 

Preoviposition. — All  rearings  were  carried  on  in  salve  tins  kept 
in  a basement  which  maintained  a uniform  temperature  of  about 
23°  C.  No  attempt  was  made  to  measure  moisture  conditions.  A 
few  drops  of  water  were  added  to  the  wood  within  the  salve  tins 
whenever  necessary  in  order  to  keep  it  slightly  moist.  This  usually 
meant  an  addition  of  water  every  other  day.  Under  these  condi- 
tions, the  mean  duration  of  the  preoviposition  period  for  23  females 
was  18.1  days,  with  extremes  of  7 and  23  days. 

Oviposition  and  Fecundity. — Adult  females  taken  in  the  field  in 
early  June  began  depositing  eggs  in  the  laboratory  about  the  middle 
of  the  month  and  continued  deposition  throughout  the  early  part  of 
July.  Knowing  the  time  of  oviposition  for  this  species,  I visited  the 
oak  grove  adjoining  the  peony  bed  hoping  to  witness  oviposition  in 
the  field.  After  several  days  of  fruitless  observation,  I decided  to 
liberate  a number  of  previously  mated  females  about  some  oak 
stumps  and  watch  their  activities.  A few  of  the  females  flew  away 
as  soon  as  liberated,  but  most  of  them  dug  beneath  the  forest  debris 
or  hid  beneath  the  loose  bark  of  nearby  oak  stumps.  Oviposition 
has  not  been  noted  in  nature  but  since  it  is  known  that  the  grubs 
develop  in  decaying  wood,  it  is  likely  that  the  eggs  are  deposited  in 
the  crevices  of  such  wood  or  in  the  moist  soil  near  rotten  stumps. 
In  the  laboratory,  the  females  deposited  eggs  singly  in  the  salve  tins 
containing  a quantity  of  small  pieces  of  wood,  depositing  from  one 
to  three  eggs  per  day  throughout  the  oviposition  period.  The  mean 
duration  of  the  oviposition  period  for  19  females  was  14.7  days 
(minimum  5,  maximum  31  days). 

Fecundity  records  kept  for  20  females  show  that  they  deposited 
an  average  of  28.8  eggs  (minimum  14,  maximum  48  eggs)  during 
their  life  under  laboratory  conditions.  Some  of  the  females  retained 
the  eggs  within  the  body  and  made  no  depositions.  Eight  of  these 
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females  were  dissected  and  found  to  contain  from  15  to  27  eggs  each, 
with  an  average  of  20  eggs  per  female.  These  eggs  occupied  prac- 
tically all  of  the  abdominal  cavity  and  though  they  appeared  to  be 
mature,  none  of  them  hatched  when  isolated  under  favorable  con- 
ditions. 

Description  of  the  Egg. — The  eggs  of  T.  piger  when  freshly  laid 
are  elongate-oval  in  shape,  pearly  white  in  color,  and  measure  1.20 
mm.  long  and  0.90  mm.  wide.  As  development  proceeds  the  eggs 
increase  greatly  in  size  and  assume  a more  spherical  form.  A short 
time  before  hatching  the  eggs  become  minutely  alutaceous,  creta- 
ceous in  color,  and  measure  1.80  mm.  long  and  1.50  mm.  wide. 

Duration  of  the  Egg  Stage. — Eggs  obtained  daily  from  the  ovi- 
position  cages  were  isolated  within  moist  black  soil  in  two-ounce  salve 
tins  throughout  the  oviposition  period.  Exposure  of  the  eggs  to  a 
dry  atmosphere  for  a short  time  caused  them  to  collapse.  It  was 
found  that  the  quantity  of  moisture  in  the  soil  had  a direct  effect 
upon  the  duration  of  the  egg  stage,  for  eggs  isolated  in  quite  moist 
soil  hatched  sooner  than  those  kept  in  drier  soil.  The  length  of  the 
egg  stage  was  found  to  vary  from  7 to  14  days,  with  a mean  of  11.5 
days  for  168  eggs  kept  under  observation. 

Hatching  and  Behavior  of  the  Newly  Hatched  Grubs. — Shortly 
before  hatching  the  ferruginous  tip  of  the  mandible  may  become 
visible  through  the  egg  shell.  Actual  hatching,  however,  appears 
to  be  accomplished  by  body  movements  of  the  embryo  which  finally 
causes  the  egg  shell  to  become  widely  split  medially.  The  small 
grubs  remain  coiled  within  one-half  of  the  egg  shell  for  a few  min- 
utes before  deserting  it.  The  newly  hatched  larvae  are  entirely 
white  except  for  the  mandibles  and  the  light  brown  hairs  covering 
most  of  the  body.  Unless  the  young  grubs  are  separated  soon  after 
hatching,  they  will  inflict  injury  to  one  another  by  means  of  their 
small,  sharp  mandibles. 

Molting  and  Number  of  Instars. — At  the  time  of  molting  the 
larval  skin  splits  medially  on  the  dorsum  of  the  head,  thorax,  and 
the  first  few  abdominal  segments.  One  of  the  few  grubs  that  have 
been  seen  molting  required  an  hour  to  cast  its  old  skin.  After  molt- 
ing, the  grubs  have  a clean  appearance  and  are  far  more  active  than 
usual.  Moreover,  they  have  the  pernicious  habit  of  feeding  on  the 
soft  parts  of  the  cast  skin  and  breaking  the  head  capsule  apart.  As 
a result  of  this  habit,  only  the  mandibles  of  the  cast  are  usually 
recovered,  which,  on  account  of  their  small  size,  are  quite  difficult 
to  find  in  the  wood  crumbled  by  the  larvae.  The  fact  that  grubs 
of  the  same  instar  molted  at  different  intervals  of  time  complicated 

145 


ENTOMOLOGICA  AMERICANA  Vol.  XV,  No.  4 


immediate  tabulation  of  the  correct  molt.  One  could  not  always 
readily  determine  whether  the  first  cast  to  be  taken  was  delayed  or 
if  it  were  the  second  cast.  However,  by  later  measuring  the  length 
and  width  of  the  mandibles  of  a few  known  casts,  it  was  discovered 
that  they  afforded  a ready  means  of  differentiating  the  instars,  and 
as  a consequence  many  earlier  notes  were  made  intelligible  after 
mandibular  measurements  of  the  casts  were  taken  and  charted. 
These  measurements  were  surprisingly  uniform  within  each  instar, 
and  were  of  course  very  different  from  all  the  other  instars.  For 
instance,  the  average  mandibular  length  of  the  first  cast  of  piger  is 
0.54  mm.,  that  of  the  second  cast  0.93  mm.,  while  that  of  the  third 
cast  measures  about  1.5  mm. 

The  time  from  hatching  to  first  molt  in  T.  piger  averaged  19.2 
days  for  12  individuals,  with  extremes  of  11  and  30  days,  while  the 
mean  duration  of  the  second  stadium  was  computed  to  be  18  days 
for  5 individuals.  The  period  between  the  second  molt  and  prepu- 
pation in  6 specimens  varied  from  215  to  291  days,  with  an  average 
of  251  days.  Casts  were  not  found  in  many  of  the  isolations  that 
finally  attained  maturity,  so  the  above  sample  is  necessarily  small. 

Description  of  Larva. — Length,  17  to  20  mm. ; width,  5 to  6 mm. ; 
head  tan  colored,  epicranial  suture  distinct,  epicranial  arms  present 
but  indistinct,  sparsely  setose;  distinct  ocellus  at  base  of  antenna; 
antennae  five  segmented,  obtuse  process  at  distal  end  of  fourth  seg- 
ment ; clypeus  subrectangular,  two  and  one-half  times  as  broad  as 
long ; labrum  symmetrical,  broadly  ovate,  one  and  one-half  times  as 
broad  as  long,  emarginations  relatively  shallow,  strongly  setose  on 
distal  margin;  distal  sensory  area  of  epipharynx  produced  into  a 
conspicuous  sclerotized  tubercle,  setae  in  this  area  stronger  than 
those  along  each  side  (epipharynx  figured  by  Hayes,  1929)  ; mandi- 
bles dark  brown  or  black,  asymmetrical,  right  one  bidentate  in  scis- 
sorial  region,  tridentate  in  left.  Thorax  white  except  for  conspicu- 
ous tan  markings  on  each  side  of  first  segment ; tibio-tarsus  of  legs 
bears  a prominent  simple  claw.  Abdomen  of  bluish  color  in  young 
grubs  due  to  intestinal  contents,  white  in  mature  grubs;  caudal 
segments  slightly  enlarged;  anal  slit  transverse,  radula  possesses 
small  setae  medially,  stouter  setae  laterad  and  about  anal  slit ; 
sparsely  clothed  with  short  and  long  setae. 

Length  of  the  Larval  Stage. — The  average  length  of  active  larval 
life  for  26  grubs  was  300  days,  with  extremes  of  263  and  412  days. 

Prepupal  Period. — On  March  22,  1933,  I collected  a series  of 
prepupae  from  branches  in  a cherry  orchard  near  Lawrence,  Kan- 
sas. Adults  emerging  from  these  prepupae  appeared  only  about 
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two  weeks  later  than  adults  obtained  from  grabs  taken  in  this  cherry 
orchard  in  December,  both  having  been  kept  under  the  same  condi- 
tions after  collection.  Thus,  it  appears  that  the  developmental 
period  of  this  species  was  not  greatly  shortened  by  the  laboratory 
conditions  under  which  the  grubs  were  kept.  Prepupae  of  piger  are 
roughly  17  mm.  long  and  5 mm.  wide,  and  at  first  are  not  unlike  the 
larvae  externally  except  for  their  limited  power  of  locomotion. 
They  are  unable  to  crawl  and  normally  lie  quiescent  in  a curved 
position.  If  disturbed  while  on  their  backs,  they  curiously  bend  the 
anterior  part  of  the  body  almost  to  the  caudal  end,  straighten  out 
again  to  their  full  length,  and  slowly  repeat  this  movement  several 
times  before  again  becoming  quiescent.  Near  the  close  of  the  pre- 
pupal  period,  the  prepupa  becomes  much  shortened,  less  active,  and 
very  straight  in  form.  The  day  before  molting  occurs  the  rufescent 
eye-spots  of  the  underlying  pupa  are  more  prominent  than  before. 
All  but  the  basal  segments  of  the  larval  legs  have  been  absorbed,  and 
much  of  the  loose  skin  of  the  prepupa  has  accumulated  in  folds  at 
the  caudal  end  of  the  body.  The  mean  length  of  the  prepupal 
period  based  on  107  individuals  is  5.1  days  (minimum  2,  maximum 
10  days). 

Description  of  Pupa. — The  pupae  of  T.  piger  are  about  12.5  mm. 
long  and  5.5  mm.  wide.  When  freshly  transformed  they  are  white 
in  color  except  for  the  rufescent  eyes.  They  gradually  darken  in 
color  and  a few  days  before  emergence  the  head,  thorax,  and  legs  are 
reddish-brown,  the  wing  covers  are  tan,  and  the  abdomen  yellowish 
except  for  the  slightly  darker  caudal  segments.  A prominent  fis- 
sure is  present  between  the  first  and  second  abdominal  segments, 
and  less  distinct  fissures  between  the  fourth  and  fifth,  and  the  fifth 
and  sixth  segments.  Two  prominent  dark  brown  or  black  hooks 
occur  at  the  caudal  end  of  the  abdomen.  Sexual  differences  are  dis- 
tinguishable in  the  pupae.  The  ventral  aspect  of  the  caudal  seg- 
ments of  the  male  pupae  possess  a pronounced  protuberance.  This 
is  lacking  in  female  pupae. 

Length  of  Pupal  Stage. — The  length  of  the  pupal  stage  was  de- 
termined for  100  specimens.  It  was  found  to  vary  from  12  to  22 
days  with  an  average  of  16.6  days.  Pupation  occurs  during  April 
in  northeastern  Kansas  and  during  May  at  Saint  Paul,  Minnesota. 

Adult  Longevity. — The  average  span  of  life  of  114  beetles  kept 
in  salve  tins  under  laboratory  conditions  was  26.3  days,  with 
extremes  of  6 and  50  days. 

Number  of  Generations. — The  life  cycle  of  T.  piger  requires  one 
year  under  Kansas  and  Minnesota  conditions. 
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Food  Habits  and  Behavior  of  Adult. — Reference  has  already 
been  made  to  the  fact  that  the  grubs  of  this  species  develop  in  decay- 
ing wood  and  that  the  adults  feed  upon  the  pollen  of  many  plants. 
In  a local  peony  patch  during  the  month  of  June  very  few  speci- 
mens were  captured  before  ten  o’clock  in  the  morning.  Toward 
noon  large  numbers  of  the  beetles  were  in  evidence  at  the  flower  bed. 
They  were  easily  disturbed  at  this  time  of  the  day  and  either  took 
to  flight  or  dropped  to  the  ground.  While  in  flight  they  resembled 
large  bees,  both  in  appearance  and  by  their  buzzing  sound.  Dur- 
ing the  hottest  part  of  the  day  the  beetles  rest  at  the  base  of  the 
flower  petals,  and  oftentimes  they  spend  the  night  there.  Needham 
(1900)  noted  this  species  in  the  flowers  of  I.  versicolor,  and  with 
regard  to  their  afternoon  activities  he  made  the  following  state- 
ments : ‘ 1 The  channeled  sepal  seemed  a favorite  place  for  an  after- 
noon nap.  I found  several  there  undoubtedly  asleep — one  so 
soundly  that,  after  carrying  it  about  it  the  flower  in  my  hand  for 
half  an  hour,  I still  had  a chance  to  wake  it.  After  repeatedly 
tickling  two  of  its  feet  that  were  hanging  over  the  edge  of  the  sepal 
it  at  length  stirred,  then  stretched  itself  like  a lazy  boy  awaking ; in 
a little  while  it  was  lively  enough.  ’ ’ Beetles  feeding  on  the  pollen 
of  roses  during  the  heat  of  the  day  apparently  cannot  tolerate  a 
high  temperature  for  a great  length  of  time.  They  rake  the  anthers 
of  the  flower  together  with  the  fore  legs  and  feed  on  the  pollen  for 
a few  minutes,  then  crawl  underneath  the  blossom  or  a cluster  of 
leaves  for  a short  time  before  returning  to  the  blossom. 

THE  BIOLOGY  OP  TBICHIOTINUS  ASSIMILIS 
(KIRBY) 

Synonymy  and  Description  of  Adult. — (See  p.  168). 

Habitat.— Throughout  the  month  of  June  in  northern  Minne- 
sota, T.  assimilis  adults  may  be  taken  in  considerable  numbers  as 
they  feed  upon  the  pollen  of  both  wild  and  cultivated  roses.  They 
are  not  limited  to  roses,  however,  for  Mr.  D.  G.  Denning  has  sent  me 
a few  specimens  collected  at  Plummer,  Minnesota,  on  the  flowers  of 
j Erigeron  philadelphicus  L.,  Anemone  canadensis  L.,  Zizia  aurea 
(L.),  Apocynum  androsaemifolium  L.,  and  Cornus  candidissima 
Marsh.  He  also  took  two  grubs  of  this  species  beneath  the  bark  of 
a decaying  oak  stump  on  May  17,  1933.  At  Itasca  Park,  Minne- 
sota, between  the  27th  and  29th  of  May,  1934,  I collected  two  pupae 
from  a rotted  basswood  stump  six  inches  in  diameter.  Five  grubs, 
and  additional  pupae  which  were  about  ready  to  emerge,  were  taken 
in  decaying  white  birch  branches  a few  feet  in  length  and  approxi- 
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mately  four  inches  in  diameter.  The  pupae  were  resting  in  smooth 
elongate-oval  cells,  16  mm.  long  by  7 mm.  wide,  with  a maximum 
depth  of  8 mm.  These  cells  had  been  previously  formed  in  the 
harder  parts  of  the  wood  by  the  grubs. 

Hibernation. — This  species,  like  piger,  overwinters  as  a grub  in 
decaying  wood. 

Proportion  of  Sexes. — The  relative  number  of  males  and  females 
collected  and  reared  during  this  work  is  scarcely  large  enough  to 
draw  conclusions  as  to  the  proportion  of  sexes.  A total  of  167  indi- 
viduals, 135  males  and  32  females,  were  collected  by  L.  Orr,  D. 
Denning,  and  myself  on  rose  flowers  during  the  summer  of  1933  in 
northern  Minnesota.  These  numbers  signify  a sex  ratio  of  0.19. 
Of  the  11  reared  individuals,  10  were  males.  The  males  have  been 
noted  to  predominate  over  females  in  all  collections  of  this  species 
received  for  identification. 

Mating. — Mating  in  this  species  is  similar  to  that  related  for 
piger  except  for  the  duration,  which  is  much  shorter  in  assimilis. 
Twenty  individuals  paired  for  an  average  of  2.4  minutes  each,  with 
extremes  of  two  and  three  minutes. 

Preoviposition. — The  duration  of  the  preoviposition  period  for 
two  individuals  was  13  and  14  days  respectively. 

Oviposition  and  Fecundity. — Data  on  these  subjects  are  very 
meager.  The  eggs  are  deposited  singly,  presumably  in  the  soil  about 
decaying  wood.  Unlike  piger,  most  of  the  females  would  not  ovi- 
posit under  laboratory  conditions.  The  greatest  number  of  eggs 
obtained  from  any  one  female  was  six.  Females  that  refused  to 
oviposit  were  dissected  upon  death  and  found  to  contain  as  many  as 
17  apparently  mature  eggs. 

Description  of  Egg. — The  eggs  of  T.  assimilis  are  indistinguish- 
able from  those  of  piger,  and  undergo  similar  changes  in  develop- 
ment. 

Duration  of  Egg  Stage. — The  average  duration  of  the  egg  stage 
for  19  individuals  was  10  days,  with  extremes  of  8 and  14  days. 

Molting  and  Number  of  Instars. — Molting  in  this  species  coin- 
cides with  that  related  for  piger.  Complete  data  on  the  number  of 
instars  is  lacking.  The  duration  of  the  first  larval  stadium  aver- 
aged 26  days  for  7 individuals  (minimum  18,  maximum  38  days). 
Since  mandibular  measurements  obtained  from  the  first  and  third 
larval  casts  of  assimilis  are  almost  identical  with  those  given  for 
piger,  it  appears  likely  that  assimilis  also  has  three  instars. 

Description  of  Larva. — The  description  related  for  piger  will 
hold  equally  well  for  this  species. 
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Length  of  Larval  Stage. — As  stated  under  habitat,  both  grubs 
and  pupae  of  this  species  were  collected  within  the  same  birch 
branch  the  last  part  of  May,  1934,  at  Itasca  Park,  Minnesota.  Al- 
though adults  emerged  from  these  pupae  a few  days  later,  the  me- 
dium to  large  sized  grubs  did  not  transform  under  laboratory  con- 
ditions until  February  and  March  of  the  next  year.  This  data, 
coupled  with  the  fact  that  a grub  hatching  in  the  laboratory  lived 
for  nine  months  and  still  showed  no  signs  of  maturity,  points  rather 
conclusively  to  a larval  period  of  approximately  two  years. 

Prepupal  Period. — Prepupae  of  assimilis  closely  resemble  those 
of  piger.  Two  individuals  of  assimilis  spent  four  and  six  days 
respectively  in  this  stage. 

Description  of  Pupa. — The  pupae  of  this  species  are  not  unlike 
those  of  piger.  Shortly  before  emergence  the  male  genitalia  beneath 
the  cuticula  are  distinct  enough  to  permit  specific  determination. 

Length  of  Pupal  StageWt-Each  of  two  reared  specimens  required 
12  days  for  this  stage  of  their  development. 

Adult  Longevity. — The  mean  length  of  life  for  11  beetles  kept 
in  the  laboratory  was  14.5  days,  with  extremes  of  12  and  18  days. 

Number  of  Generations. — T.  assimilis  requires  two  years  to  com- 
plete its  life  cycle. 

REARING  TECHNIQUE 

The  rearing  methods  used  in  this  work  follow,  with  certain  modi- 
fications, the  white  grub  rearing  methods  summarized  by  Hayes  in 
1929.  Although  Hayes  (1929)  found  Pelidnota  punctata  difficult 
to  rear  in  individual  tin  salve  boxes  supplied  with  pieces  of  decaying 
wood,  the  writer  has  had  consistent  success  rearing  through  half- 
grown  grubs  of  this  species,  as  well  as  several  other  wood-eating 
scarabaeids,  in  salve  tins.  In  order  to  obtain  eggs  of  Trichiotinus, 
mated  pairs  were  confined  in  three-ounce  salve  boxes  partially  filled 
with  either  damp  soil  or  small  particles  of  damp  wood.  The  wood 
was  carefully  examined  for  eggs  every  other  day  and  moisture  was 
added  if  necessary.  To  avoid  desiccation,  the  eggs  obtained  were 
quickly  transferred  to  cavities  in  dampened  soil  within  two-ounce 
salve  boxes,  and  covered  with  soil  to  conserve  moisture  and  prevent 
losses  due  to  the  attacks  of  parasitic  fungi.  Even  though  it  con- 
sumed much  time,  the  soil  was  changed  every  second  day  until  hatch- 
ing occurred.  Not  over  10  eggs  were  isolated  in  each  box,  and  often 
a perfect  hatch  was  obtained.  Upon  hatching,  each  grub  was  care- 
fully transferred  to  a two-ounce  salve  box,  which  had  been  previ- 
ously supplied  with  relatively  small  particles  of  moist  decaying 
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wood.  Here  the  larva  remained  until  maturity  or  death.  These 
salve  tins  were  kept  in  a basement  which  maintained  a rather  uni- 
form temperature  of  23°  C.  The  boxes  were  examined  every  other 
day  and  new  food  or  a few  drops  of  water  from  an  eye  dropper  were 
added  if  needed.  Moisture  is  undoubtedly  the  most  difficult  factor 
to  control  properly  in  the  rearing  of  wood-inhabiting  forms.  The 
usual  tendency  is  to  over- water,  which  is  far  more  injurious  than 
under-watering.  Each  time  an  isolation  was  made  in  a salve  box 
this  container  was  numbered.  The  same  number  was  put  on  a 4 by 
6 card  upon  which  all  future  data  were  recorded. 

MONOGRAPH  OP  THE  GENUS  TRICHIOTINUS 
Introduction 

The  genus  Trichiotinus  is  represented  in  North  America  by  eight 
species  as  delimited  by  the  present  study.  More  than  4,500  speci- 
mens have  been  examined  during  this  investigation,  and  determina- 
tion labels  were  affixed  to  all  specimens.  The  internal  genitalia  of 
approximately  2,000  beetles  were  either  everted  (some  of  the 
females)  or  removed  and  placed  on  paper  points  directly  beneath 
the  specimens  from  which  they  were  withdrawn.  Although  the 
task  was  time-consuming,  it  was  the  only  means  whereby  the  charac- 
ter and  trustworthiness  of  the  genitalia  could  be  determined  in  color 
forms.  Drawings  of  the  ventral  aspect  of  the  female  genitalia  show- 
ing the  shape  of  the  apical  sclerites  have  been  included  for  each 
species.  In  order  to  avoid  obscuring  the  shape  of  these  parts  all 
setation  was  omitted.  The  conformation  of  the  claspers  in  the  male 
genitalia  afford  excellent  characters  for  specific  differentiation  and 
therefore  have  been  illustrated.  In  the  pages  to  follow  I have  in- 
cluded a key  to  the  species  based  on  external  characters,  a complete 
bibliographic  history  of  each  species,  a redescription  of  both  sexes 
of  each  species,  location  and  notes  on  type  specimens,  comparative 
notes,  and  the  geographic  distribution  of  each  species.  For  sake  of 
brevity  only  the  localities,  the  sex,  and  the  total  number  of  beetles 
studied  are  recorded  under  specimens  examined.  Complete  distri- 
butional data  of  each  specimen  examined  during  the  course  of  this 
study  are  on  file  in  the  entomological  part  of  the  University  of  Min- 
nesota library  located  at  the  University  Farm  campus. 

Historical  Account  and  Diagnosis  of  Genus 
The  Genus  Trichiotinus  Casey 

1827.  Trichini  Kirby,  Zool.  Jour.  3:  155. 

151 


ENTOMOLOGICA  AMERICANA  Vol.  XV,  No.  4 


1837.  Trichinus  Kirby,  Fauna.  Bor.  Amer.  A : 137. 

1898.  Lasiotrichius  Reitter,  Verh.  Nat.  Yer.  Briinn  37  : 101  (in 
part). 

1915.  Trichiotinus  Casey,  Mem.  Col.  6 : 371,  381. 

The  first  species  to  be  described  in  this  genus  were  placed  in  the 
European  genus  Trichius  by  Fabricius  in  1775.  Subsequently,  some 
of  these  same  species  were  treated  under  the  European  genera 
Cetonia  (Olivier,  1789;  Hope,  1839)  and  Melolontha  (Herbst, 
1790),  but  most  of  the  early  writers  considered  them  members  of 
the  genus  Trichius. 

Kirby,  in  1827,  proposed  the  subgenus  Trichini  of  the  genus 
Trichius  to  care  for  these  North  American  forms,  but  this  designa- 
tion cannot  be  accepted  inasmuch  as  he  applied  a plural  ending  to 
this  subgeneric  name.  Later,  Kirby  (1837)  erected  the  subgenus 
Trichinus  with  T.  piger  Fab.  as  the  type.  Since  Trichinus  differs 
from  Trichina  Meigen,  1830,  in  gender  ending  only,  I consider 
Trichinus,  1837,  a homonym  of  Trichina,  1830.  Although  this  pro- 
cedure is  not  in  accord  with  the  recommendations  of  Article  36  of 
the  international  rules  of  zoological  nomenclature,  it  is  based  upon 
Opinion  Number  115  rendered  by  the  International  Commission  on 
Zoological  Nomenclature.  My  reason  for  suppressing  Trichinus, 
1837,  instead  of  elevating  it  to  generic  rank,  is  to  avoid  the  resurrec- 
tion of  an  old  name  that  would  inevitably  cause  considerable  con- 
fusion in  several  branches  of  zoology. 

In  1898,  Reitter  proposed  the  genus  Lasiotrichius  with  Trichius 
succinctus  Pallas  from  east  Asia  as  the  type.  Some  of  the  North 
American  species  which  now  compose  the  genus  Trichiotinus  were 
formerly  included  in  this  genus. 

The  genus  Trichiotinus  was  erected  by  Casey  in  1915  with 
Trichius  piger  Fabricius  as  the  type.  In  his  key  to  the  genera  of 
the  tribe  Trichiini,  Casey  (1915)  delimited  the  genus  Trichiotinus 
as  follows:  “Elytra  more  cuneiform,  generally  distinctly  swollen 
at  the  sides  basally,  the  lateral  edges  not  reflexed  but  thickened,  the 
surface  shining  and  with  transverse  cretaceous  spots  at  the  sides, 
wanting  in  a few  species.”  Under  the  heading  Trichiotinus  n.  gen., 
Casey  (1915)  gave  the  following  diagnosis:  “Besides  the  obvious 
structural  differences  in  the  elytra  and  the  much  longer  tarsi,  the 
species  of  this  genus  can  be  distinguished  at  once  from  the  Euro- 
pean Trichius  by  their  general  habitus.  The  elytra  are  shorter  and 
more  narrowed  posteriorly  than  in  Trichius,  not  opaque  and  gla- 
brous throughout,  but  always  shining  and  sparsely  pubescent,  gen- 
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erally  but  not  always  with  an  opaque  spot  at  the  sides  between  two 
transverse  tomentose  lines ; these  features  are  so  constant  as  to  con- 
stitute a generic  character  beyond  doubt,  although  I do  not  have 
before  me  all  the  forms  presented  by  the  species,  subspecies,  and 
aberrations  of  the  European  genus.  ’ ’ I extracted  and  examined 
the  genitalia  of  several  species  of  Trichius  and  T rig onopelt cist es, 
and  found  that  the  genitalia  differed  markedly  from  the  general 
type  exhibited  by  the  genus  Trichiotinus. 


3. 


4. 


Key  to  the  Species 

1.  Opaque  area  present  between  and  behind  the  cretaceous  fascia 

on  elytral  declivity  3. 

Opaque  area  never  present  on  elytral  declivity 2. 

2.  Two  lateral  cretaceous  markings  on  pygidium  not  obscured  by 

pubescence ; cretaceous  fascia  on  elytral  declivity  usually 
present  though  often  reduced;  usually  a Y-shaped  sparsely 

punctate  callus  on  vertex lunulatus  (p.  182). 

Two  lateral  cretaceous  markings  on  pygidium  obscured  by 
pubescence;  cretaceous  fascia  on  elytral  declivity  absent; 

callus  on  vertex  absent bibens  (p.  188). 

Third  and  fifth  elytral  intervals  strongly  convex,  second  and 

fourth  intervals  finely  and  densely  punctate 4. 

Third  and  fifth  elytral  intervals  feebly  convex  or  flattened,  sec- 
ond and  fourth  intervals  sparsely  and  coarsely  punctate 6. 

Elytra  and  pygidium  piceous  except  for  cretaceous  markings; 
cretaceous  fascia  on  fifth  abdominal  sternite  usually  absent. 

t exanus  (p.  165). 

Elytra  and  pygidium  in  part  rufescent  or  ferruginous;  creta- 
ceous fascia  on  fifth  abdominal  sternite  usually  present 5. 

5.  Pygidium  with  transverse  minutely-serrulate  lines  not  widely 

separated;  densely  pubescent  throughout piger  (p  154). 

Pygidium  with  transverse  crenulate  lines  usually  widely  sepa- 
rated ; sparsely  pubescent  throughout  except  for  lateral 
tomentose  areas ruf obrunneus  (p.  162). 

6.  Pygidium  covered  with  yellowish  or  cinereous  hairs,  hirsute; 

oblique  cretaceous  lines  on  elytral  declivity  extend  inward 
through  or  beyond  fifth  interval;  usually  a narrow  longi- 
tudinal cretaceous  marking  on  second  interval. 

assimilis  (p.  168). 

Pygidium  covered  with  yellowish  or  cinereous  hairs,  never  hir- 
sute; transverse  cretaceous  lines  on  elytra,  if  present,  seldom 
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penetrate  fifth  interval ; second  interval  lacks  cretaceous 

marking  7. 

7.  Cretaceous  markings  present  on  fifth  abdominal  sternite. 

viridans  (p.  180). 

Cretaceous  markings  usually  absent  on  fifth  abdominal  sternite. 

affinis  (p.  173). 

SYSTEMATIC  TREATISE  OF  THE  SPECIES 

1.  Trichiotinus  piger  (Fabricins) 

1775.  Trichius  piger  Fabricins,  Syst.  Ent.  p.  41. 

1787.  Trichius  piger  Fabricius,  Mant.  Ins.  1:  26. 

1789.  Cetonia  pigra  Olivier,  Ent.  1(6)  : 64;  pi.  7,  fig.  54. 

1790.  Trichius  piger  Gmelin,  Syst.  Nat.  Ed.  13,  1(4)  : 

1585. 

1790.  Cetonia  pigra  Olivier,  Encycl.  Meth.  5 : 429 ; pi.  161, 
fig.  21. 

1790.  Trichius  piger  Herbst,  Natursyst.  Ins.  Kaf.  3:  191- 
192. 

1802.  Cetonia  pigra  Olivier,  Ed.  Illiger  2 : 183. 

1803.  Cetonia  pigra  Olivier,  Ed.  Sturm,  Kaf.  2:  89;  pi. 

87,  fig.  5. 

1817.  Trichius  piger  Schonherr,  Syn.  Ins.  1(3)  : 105. 
1825.  Trichius  piger  Serville,  Encycl.  Meth.  10 : 703. 
1827.  Trichius  piger  Kirby,  Zool.  Jonr.  3:  155. 

1833.  Trichius  Drummond  Gory  and  Percheron,  Mon.  Cet. 
pp.  48,  88-89 ; pi.  10,  fig.  4. 

1833.  Trichius  piger  Gory  & Percheron,  Mon.  Cet.  pp.  48, 
88-90;  pi.  10,  fig.  5. 

1833.  Trichius  piger  Hitchcock,  Rep.  Geol.  Miner.  Bot.  & 
Zoo.  of  Mass.  p.  575. 

1837.  Trichius  ( Trichinus ) rotundicollis  (Kirby),  Fauna 
Bor.  Amer.  4:  138-139. 

1837.  Trichius  piger  Dejean,  Cat.  Col.  p.  187. 

1839.  Cetonia  pigra  Hope,  Mag.  Nat.  Hist.  3:  172. 

1840.  Trichius  piger  Burmeister  & Schaum,  In  Germar’s 

Zeitschr.  Ent.  2:  413-414  (in  part;  in  part  var. 
c). 

1840.  Trichius  piger  Castelnau,  His.  Nat.  Col.  2 : 158. 

1841.  Trichius  piger  Burmeister  & Schaum,  In  Germar’s 

Zeitschr.  Ent.  3 : 239. 

1842.  Trichius  piger  Burmeister,  Hand.  Ent.  3:  756-757 

(var.  a;  var.  b). 
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1849.  Trichius  piger  Schaum,  Ann.  Soc.  Ent.  Prance,  sec- 
ond series,  7 : 292. 

1853.  Trichius  piger  Melsheimer,  Cat.  U.  S.  Col.  p.  61. 

1858.  Trichius  piger  LeConte,  Jonr.  Acad.  Nat.  Sci.  4 

(part  1)  : 33. 

1859.  Trichius  piger  D ’Urban,  Can.  Geol.  Surv.  Rep.  for 

1858,  p.  235. 

1863-1866.  Trichius  piger  LeConte,  Smithson.  Miscl.  Coll. 
No.  140 : 41. 

1868.  Trichius  piger  Horn,  Trans.  Amer.  Ent.  Soc.  2 : 124. 

1869.  Trichius  piger  Gemminger  & Harold,  Cat.  Col.  4: 

1345. 

1870.  Trichius  piger  Pettit,  Le  Nat.  Can.  2 : 178. 

?1871.  Trichius  lunulatus  LeBaron,  Prairie  Farmer  42 
(25)  : 194. 

1873.  Trichius  piger  Crotch,  Check  List  Col.  Amer.  p.  58. 

1876.  Trichius  piger  Horn,  Trans.  Amer.  Ent.  Soc.  5 : 194— 
195,  197. 

1876.  Trichius  rotundicollis  Horn,  Canad.  Ent.  8 : 168. 

1877.  Trichius  piger  Provancher,  Petite  Fanne  Ent.  dn 

Can.  Yol.  1-Les  Coleopteres,  pp.  342-343. 

1878.  Trichius  piger  Hubbard  & Schwarz,  Proc.  Amer. 

Philos.  Soc.  17 : 655. 

1882.  Thichius  piger  Smith,  Bull.  Brooklyn  Ent.  Soc.  5 
(1)  : 25-26: 

1885.  Trichius  piger  Hensliaw,  Amer.  Ent.  Soc.  p.  94. 
1890.  Trichius  piger  Harrington,  Canad.  Ent.  22  (1)  : 185. 
1890.  Trichius  piger  Smith,  Geol.  Surv.  of  New  Jersey  2: 
198. 

1893.  Trichius  piger  Cockerell,  Trans.  Amer.  Ent.  Soc. 
20 : 330. 

1895.  Trichius  piger  Hamilton,  Trans.  Amer.  Ent.  Soc. 
22 : 337. 

1895.  Trichius  piger  Wickham,  Bull.  Iowa  Nat.  His.  Lab. 
3 (3)  : 39. 

1895.  Trichius  piger  Wickham,  Proc.  Iowa  Acad.  Sci.  for 

1894,  2 : 49. 

1896.  Trichius  piger  Schoch,  Lamellicornia  Melitopliila, 

p.  86. 

1897.  Trichius  piger  Snyder,  Ent.  News  8 : 131. 

1900.  Trichius  piger  Needham,  Amer.  Nat.  34 : 365-366. 
1900.  Trichius  piger  Smith,  Insects  of  New  Jersey,  p.  283. 
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1901.  Trichius  piger  Chittenden,  U.  S.  Dept.  Agri.,  Div.  of 

Ent.  Bull.  27  : 100-101. 

1902.  Trichius  piger  Dnry,  Jour.  Cincinnati  Soc.  20:  157. 
1902.  Trichius  piger  Bubna,  Ohio  Nat.  2 (4)  : 195. 

1902.  Trichius  piger  Wickham,  Bull.  Iowa  Lab.  Nat.  Hist. 

5 (3)  : 278. 

1903.  Trichius  piger  Beaulieu,  Le  Naturaliste  Canad.  30 : 

126. 

1903.  Trichius  piger  Ulke,  Proc.  U.  S.  Nat.  Mus.  25 
(1275)  : 25. 

1909.  Trichius  piger  Morris,  Canad.  Ent.  41 : 414. 

1909.  Trichius  piger  Manee,  Ent.  News  20  (6)  : 254. 

1909.  Trichius  piger  Easton,  Psyche  16  (3)  : 52. 

1909.  Trichius  piger  Graenicher,  Bull.  Wis.  Nat.  Hist.  Soc. 

7:  27,  57,  61,  69,  75,  77. 

1910.  Trichius  piger  Blatchley,  Col.  of  Indiana,  p.  1003. 

1910.  Trichius  piger  Morse,  Ann.  Kept.  New  Jersey  State 

Mus.  for  1909,  p.  322. 

1910.  Trichius  piger  Leng,  Jour.  N.  Y.  Ent.  Soc.  18  (2)  : 

77. 

1911.  Trichius  piger  Wenzel  & Wenzel,  Ottawa  Nat.  25  : 53. 

1911.  Trichius  piger  Wickham,  Bull.  Iowa  Lab.  Nat.  Hist. 

6 (2)  : 27. 

1911.  Trichius  piger  Morris,  Canad.  Ent.  43  : 115. 

1912.  Trichius  piger  Banks,  Ent.  News  23  : 106. 

1914.  Trichius  piger  King,  Proc.  Iowa  Acad.  Sci.  21 : 334. 

1915.  Trichius  piger  Lovell,  Psyche  22  : 114. 

1915.  Trichius  piger  Johnson,  Ent.  News  26  : 314. 

1915.  Trichius  piger  Adams,  Bull.  Illinois  Lab.  11 : 152. 
1915.  Trichiotinus  piger  Casey,  Mem.  Col.  6 : 382-383. 

1915.  Trichiotinus  reductus  Casey,  Mem.  Col.  6 : 384. 

1916.  Trichius  piger  Davis,  Jour.  Econ.  Ent.  9 : 267. 

1918.  Trichius  piger  Dozier,  Ent.  News  29  : 334. 

1918.  Trichius  piger  Lutz,  Field  Book  of  Insects,  p.  335. 
1920.  Trichius  piger  Dozier,  Ann.  Soc.  Amer.  13  (4)  : 336. 
1920.  Trichiotinus  piger  Britton,  Conn.  Geol.  Nat.  Hist. 
Survey.  Bull.  No.  31,  p.  265. 

1920.  Trichius  piger  Notman,  Jour.  N.  Y.  Ent.  Soc.  28  : 21. 
1920.  Trichiotinus  piger  Leng,  Cat.  Col.  of  Amer.  North  of 
Mexico,  p.  264. 

1920.  Trichiotinus  reductus  Leng,  Cat.  Col.  of  Amer. 
North  of  Mex.,  p.  264. 
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1922.  Trichius  piger  Dawson,  Nebraska  Univ.  Studies  22 : 
244. 

1922.  Trichiotinus  piger  Schenkling,  Coleop.  Cat.,  p.  24. 
1922.  Trichiotinus  piger  var.  Drummond  Schenkling, 
Coleop.  Cat.,  p.  25. 

1922.  Trichiotinus  piger  var.  rotundicollis  Schenkling, 
Coleop.  Cat.,  p.  25. 

1922.  Trichiotinus  reductus  Schenkling,  Coleop.  Cat.,  p. 

25. 

1923.  Trichius  piger  Andrews,  Pap.  Mich.  Acody  & Let- 

ters for  1921,  p.  370. 

1925.  Trichiotinus  piger  Davis,  Proc.  41st  Ind.  Acad.  Sci. 
35:  317. 

1925.  Trichius  piger  Hayes,  Kant.  Agri.  Expt.  Sta.  Tech. 

Bull.  No.  16 : 116. 

1926.  Trichiotinus  piger  Leonard,  Cornell  Univ.  Agri. 

Expt.  Sta.  Mem.  101 : 430. 

?1926.  Trichiotinus  texanus  Leonard,  Cornell  Univ.  Agri. 
Expt.  Sta.  Mem.  101 : 430. 

1926.  Trichiotinus  piger  Fletcher,  Bull.  Lloyd  Lib.  Bot. 
Phar.  & Mat.  Med.  No.  27  (5)  : 142. 

1928.  Trichiotinus  piger  Hayes,  Jour.  Econ.  Ent.  21  (2)  : 

254-255,  258. 

1929.  Trichius  piger  Robertson,  Flowers  and  Insects,  pp. 

28,  29,  32,  34,  36,  69,  83,  101,  112,  114,  121,  133, 
139, 166, 173, 175,  176, 177,  190, 199,  202,  207. 

1929.  Trichiotinus  piger  Hayes,  Illinois  Biol.  Monogr.  12 

(2)  : 31,  58,  70. 

1930.  Trichiotinus  piger  Blatchley,  Florida  Ent.  14 : 33. 
1930.  Trichiotinus  piger  Hatch,  Pub.  Univ.  Okla.  Biol. 

Surv.  2 (1)  : 25. 

1930.  Trichiotinus  piger  Boving  & Craighead,  Ent.  Amer. 
11  (1,4)  : pi.  87. 

1934.  Trichiotinus  piger  Cartwright,  Ent.  News  45  (10)  : 
269. 

Male. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  7.1  mm.  to  12.1  mm. ; greatest  width  of  elytra 
4.5  mm.  to  6.5  mm. 

Vertex,  front,  and  clypeus  black  except  for  occasional  ru- 
fescent  apical  margins  of  clypeus,  finely  and  densely  punc- 
tate, covered  with  yellowish  or  cinereous  pubescence;  clypeus 

157 


ENTOMOLOGICA  AMERICANA  Vol.  XV,  No.  4 


broader  than  long,  apex  broadly  rounded,  feebly  to  moderately 
sinuate,  slightly  reflexed. 

Pronotum  black,  often  tinged  with  green,  slightly  broader 
than  long,  sides  weakly  converging  to  apical  third,  then  oblique 
to  apex ; usually  a small  cretaceous,  tomentose  area  on  postero- 
lateral angles,  sometimes  on  antero-lateral  angles ; densely  punc- 
tate with  fine  or  coarse  punctures,  vestiture  composed  of  yellow- 
ish or  cinereous  pubescence.  Scutellum  black;  triangular, 
longer  than  wide ; punctate,  densely  pubescent. 

Elytra  subquadrate,  slightly  shorter  than  wide,  declivous 
sides ; second  and  fourth  depressed  elytral  intervals  finely  and 
densely  punctate,  third  and  fifth  elytral  intervals  strongly  con- 
vex, sparsely  and  coarsely  punctate;  color  extremely  variable 
and  often  intermixed,  rufescent  to  piceous;  each  elytron  with 
two  transverse  cretaceous  lines,  one  slightly  in  front  of,  the 
other  slightly  behind  the  middle,  reaching  from  the  margin  to 
the  fifth,  rarely  the  third,  interval ; declivity  opaque,  darker  in 
color  behind  the  front  line  and  divided  by  the  posterior  one ; a 
short  longitudinal  cretaceous  line  on  first  interval  below  scutel- 
lum, occasionally  another  line  on  second  interval  extending 
from  middle  to  apex ; sparsely  pubescent. 

Pygidium  rufescent  to  black,  slightly  wider  than  long, 
strongly  convex ; large,  elongate,  cretaceous  and  tomentose  areas 
laterally;  transverse  minutely-serrulate  lines  not  widely  sepa- 
rated; densely  pubescent. 

Venter  of  thorax  black,  covered  with  conspicuous  yellowish 
or  cinereous  hairs,  hirsute ; irregular  cretaceous  spots  on  meso- 
pleura,  metapleura,  metasternum,  and  coxae;  abdomen  rufes- 
cent to  black,  transverse  fascia  on  fifth  sternite  either  entire  or 
narrowly  interrupted  medially.  Legs  rufous  to  black,  fore  tibia 
bidentate,  tibial  spur  lacking. 

Male  genitalia  as  shown  on  Plate  XVI,  figs.  4,  7,  8,  and  9. 
Inasmuch  as  the  shape  of  the  dentations  on  the  apex  of  the 
claspers  of  T.  piger  vary  considerably,  several  drawings  were 
made  to  show  this  variability.  These  variations  occurred  in 
specimens  obtained  from  widely  different  parts  of  the  range 
of  the  species  and  in  specimens  taken  from  a limited  area  of 
distribution.  In  the  laboratory,  the  writer  reared  many  adult 
beetles  of  this  species  from  grubs  taken  in  decaying  cherry 
branches.  Dissection  of  a number  of  the  mature  male  beetles 
showed  variations  in  the  shape  of  the  armature.  Adults  reared 
from  Kansas  grubs  were  later  readily  paired  with  Minnesota 
specimens,  and,  after  a developmental  period  of  about  one  year, 
dissections . of  the  newly  emerged  adults  revealed  the  expected 
variations  in  the  genitalia.  Also,  several  of  the  striking  color 
variations  of  this  species  were  obtained  in  the  progeny  reared 
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from  the  eggs  of  a single  female.  Hence,  as  a result  of  biolog- 
ical and  morphological  studies,  I have  concluded  that  this  widely 
distributed  beetle  represents  a single  variable  species.  Genital 
armature  usually  smaller  than  that  of  the  closely  related  T. 
rufobrurineus  (Casey)  ; apex  of  prominent  dentation  on  distal 
end  of  male  clasper  acute  to  broadly  rounded,  specimens  ex- 
hibiting the  latter  type  of  clasper  being  indistinguishable  from 
T . rufobrunneus  on  the  basis  of  genitalia. 

Female. — Median  length  from  anterior  edge  of  pronotum 
to  apex  of  pygidium  8.2  mm.  to  11.9  mm.;  greatest  width  of 
elytra  4.5  mm.  to  6.5  mm. 

Pronotum  slightly  broader  than  long,  usually  with  a con- 
spicuous cretaceous  tomentose  area  at  each  angle. 

Pygidium  one-third  broader  than  long,  distinctly  less  con- 
vex than  in  male ; transverse  fascia  on  fifth  abdominal  sternite 
widely  interrupted  medially;  fore  tibia  bidentate,  inner  spur 
present. 

Female  genitalia  as  shown  on  Plate  XVI,  fig.  1.  Genitalia 
of  some  specimens  are  not  easily  differentiated  from  those  of 
T.  rufobrunneus. 

Type. — One  male  specimen  of  Trichius  piger  Fabricius  is  located 
in  the  British  Museum  of  Natural  History  at  London,  England.  A 
female  specimen  of  Trichius  ( Trichinus ) rotundicollis  Kirby,  which 
has  been  long  recognized  as  a synonym  of  Trichius  piger,  also  resides 
in  the  British  Museum.  The  type  of  Trichiotinus  reductus  Casey, 
which  the  writer  must  suppress  as  a synonym  of  T.  piger,  is  located 
in  the  United  States  National  Museum.  The  type  label  bears  the 
following  data:  Catalogue  No.  48718,  U.  S.  N.  M.,  Southern  Pines, 
North  Carolina,  June,  1907  (A.  H.  Manee).  Casey  (1915)  de- 
scribed reductus  from  a single  male  specimen,  which  represents  only 
one  of  the  many  striking  color  variations  exhibited  by  piger. 

Comparative  Notes. — Dense  pubescence  and  close  minutely- 
serrulate  lines  on  pygidium  readily  separate  this  species  from  T. 
rufobrunneus.  Some  of  the  black  colored  specimens  superficially 
resemble  T.  t exanus  (Horn),  but  a close  examination  will  reveal  that 
the  second,  third,  and  fourth  elytral  intervals  are  at  least  in  part 
ferruginous  instead  of  piceous,  the  predominating  color  in  texanus. 

Distribution. — Maine,  New  Hampshire,  Massachusetts,  Connecti- 
cut, New  York,  New  Jersey,  Pennsylvania,  Maryland,  District  of 
Columbia,  West  Virginia,  Virginia,  North  Carolina,  South  Carolina, 
Georgia,  Florida,  Michigan,  Indiana,  Ohio,  Kentucky,  Tennessee, 
Alabama,  Wisconsin,  Illinois,  Mississippi,  Minnesota,  Iowa,  Mis- 
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souri,  Arkansas,  Louisiana,  Nebraska,  Kansas,  Oklahoma,  and 
Texas.  (Fig.  1). 


Specimens  Examined 

Alabama:  14  males,  5 females  (Spring  Hill,  Monte  Sano,  Win- 
ston County,  Mount  Vernon,  Mobile,  Magazine  Point).  Arkansas: 

3 males,  2 females  (Marion  County,  Hot  Springs,  Bentonville, 
Hope).  Connecticut:  13  males,  8 females  (Hartford,  Manchester, 
Hamden,  Farmington,  Middletown,  Poquonock,  New  Britain,  Haw- 
leyville,  S.  Windsor,  New  Haven).  District  of  Columbia:  12  males, 

4 females  (Washington,  Woodbridge).  Florida:  2 males,  3 females 
(Quincy,  F.  Capron,  P.  Orange,  Lake  City).  Georgia:  62  males, 
23  females  (Stone  Mountain,  Kennesaw  Mountain,  Atlanta,  Yonah 
Mountains,  Rabun  County,  Toccoa,  Barnesville,  Clarke  County, 
Tallulah  Falls,  Athens).  Illinois:  174  males,  43  females  (Forest 
City,  River  Forest,  Lake  Forest,  Cook  County,  Summit,  Parker, 
Brisbane,  Bloomington,  White  Heath,  Willow  Springs,  Algonquin, 
Devil’s  Hole,  Chicago,  Moline,  Carbondale,  Salts,  Urbana,  Cham- 
paign, Vermilion  County,  Springfield,  Alto  Pass,  Savanna,  Quincy, 
Tolono,  Galena,  Keithsburg,  Winchester,  Monticello,  Mason  City, 
Harrisburg,  Rock  Island,  Rockford,  Gibeon  City,  Riverdale,  Glen- 
don  Park,  Havana).  Indiana:  25  males,  8 females  (Knox,  Hess- 
ville,  Lafayette,  South  McAlester,  Vincennes,  Marion  County,  Van 
Buren,  Pine,  Millers,  Owen  County,  Falling  Rock,  Kosciusko 
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County,  Tippecanoe  County,  Harrison  County.  Iowa:  4 males 
(Independence,  Solon).  Kansas:  178  males,  68  females  (Douglas 
County,  Johnson  County,  Chautauqua  County,  Lawrence,  Coffey 
County,  Cowley  County,  Leavenworth  County,  Blue  Rapids,  Atchi- 
son County,  Elk  City,  Franklin  County,  Manhattan,  Riley  County, 
Saline  County,  Ottawa,  Montgomery  County,  Wyandotte  County, 
Lyon  County,  Linn  County,  Miami  County,  Osage).  Kentucky : 2 
males  (Pineville).  Louisiana:  2 males,  5 females  (Pearl  River, 
Emberson,  Covington,  Bogalusa,  Mandeville).  Maine:  Male  (Nor- 
way). Maryland:  22  males,  6 females  (Beltsville,  Pine  Knob, 
Riverdale,  Bladensburg,  Poolesville,  Baltimore).  Massachusetts: 
63  males,  20  females  (Sherborn,  Cambridge,  Boston,  Milton,  Chico- 
pee, Auburndale,  Forest  Hills,  Groton,  Springfield,  Norfolk  County, 
Tyngsboro,  Malden,  Wareham,  Roxbury,  Wellesley,  Mattapan,  Blue 
Hills,  Duxbury,  Beverly,  Danvers,  Melrose  Highlands,  North 
Saugus,  Dorchester,  Brookline,  Amherst,  Manomet,  Waverly, 
Framingham,  Reading).  Michigan:  9 males,  3 females  (Sawyer, 
Port  Huron,  Washtenaw  County).  Minnesota:  510  males,  150 
females  (Hennepin  County,  Minneapolis,  North  Branch,  Houston 
County,  Lake  City,  Fort  Snelling,  Stillwater,  Battle  Creek,  Saint 
Anthony  Park,  Saint  Paul,  Ramsey  County).  Mississippi:  26 
males,  17  females  (Lucedale,  Stateline,  Beaumont,  Agricultural  and 
Mechanical  College,  Waveland,  Biloxi,  Wiggins,  Burwell,  Tyler- 
town,  Durant,  Pelahatchie) . Missouri:  8 males,  2 females  (Willard, 
Kansas  City,  Langdon,  Mansfield).  Nebraska:  3 males,  female 
(Malcolm,  Lincoln,  Plattsmouth) . New  Hampshire:  Male  (Man- 
chester). New  Jersey : 84  males,  23  females  (Paterson,  Snake  Hill, 
Cramer  Hill,  Englewood,  Ridgewood,  Chester,  Passaic  Junction, 
Spring  Lakes,  South  Amboy,  Wyckoff,  New  Brunswick,  Fort  Lee, 
Sea  Isle  Junction,  Lakehurst,  Bergen  County,  Riverton,  Wenonah, 
Malaga,  Westville,  Boonton,  Delaware  Water  Gap,  Manumuskin, 
Da  Costa,  Mount  Holly,  Clementon,  Ramsey,  Newark,  Avenel,  Vine- 
land,  Plainfield,  Ocean  Grove).  New  York:  40  males,  12  females 
(Ithaca,  West  Point,  Tuxedo,  Kings  Park,  Staten  Island,  Long 
Island,  Fishkill,  Buffalo,  Mosholu,  Huguenot,  Flushing,  Van  Cort- 
landt,  Yonkers,  Lynbrook, ’Suffern,  Brownsville).  North  Carolina: 
10  males,  4 females  (Black  Mountains,  Swannanoa  Valley,  L.  Toxa- 
way,  Cedar  Mountain,  Areola,  Cranberry,  Southern  Pines).  Ohio: 
28  males,  8 females  (Marblehead,  Bay  Point,  Erie  County,  Ottawa 
County,  Warren,  Athens,  Columbus,  Cleveland,  Cedar  Point). 
Oklahoma:  18  males,  5 females  (Payne  County,  Oklahoma  County, 
Ottawa  County,  Okmulgee  County,  Adair  County,  McCurtain 
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County,  Delaware  County).  Pennsylvania:  46  males,  25  females 
(New  Garden,  Allegheny,  Johnstown,  Hammelstown,  Philadelphia, 
Cove  Mountain,  Glen  Olden,  Bala,  Charter  Oak,  Perdix,  Ashbourne, 
Marysville,  Gettysburg,  Rockville,  Media,  Lehigh  Gap).  South 
Carolina:  12  males,  12  females  (Clemson  College,  Meredith,  Jocassee, 
Bluffton,  Camden,  Hollywood,  Bonneau,  Walhalla).  Tennessee:  2 
males,  female  (Signal  Mountain).  Texas:  15  males,  5 females 
(Ladonia,  Trinity,  Dallas,  Pittsburg,  Gainesville,  Greenville,  New 
Boston,  Denton,  Quinlan,  Lovelady).  Virginia:  49  males,  14 
females  (Palls  Church,  Nelson  County,  Wytheville,  Glen  Carlyn, 
Rosslyn,  Mount  Vernon,  Virginia  Beach,  Arlington,  Roanoke,  Camp- 
bell County,  Vienna,  Parmville,  Fredericksburg,  Four-mile  Run, 
Alexandria,  Potomac  Run,  Penington  Gap,  Afton,  Cape  Charles). 
West  Virginia:  3 males,  2 females  (W.  Sulphur).  Wisconsin:  11 
males,  5 females  (New  London,  Platteville,  Milwaukee,  Madison, 
Hortonville,  Columbus,  Wingra  Lake,  Waupaca,  Baraboo,  Amherst 
Junction) . 

2.  Trichiotinus  rufobrunneus  (Casey) 

?1878.  Trichius  piger  Schwarz,  Proc.  Amer.  Philos.  Soc. 
17:451. 

1914.  Trichius  rufobrunneus  Casey,  Mem.  Col.  5:  375. 

1914.  Trichius  obesulus  Casey,  Mem.  Col.  5:  376. 

1915.  Trichiotinus  rufobrunneus  Casey,  Mem.  Col.  6 : 

384-385. 

1915.  Trichiotinus  obesulus  Casey,  Mem.  Col.  6 : 385. 
1920.  Trichiotinus  rufobrunneus  Leng,  Cat.  Col.  of  Amer. 
North  of  Mex.,  p.  264. 

1920.  Trichiotinus  obesulus  Leng,  Cat.  Col.  of  Amer. 
North  of  Mex.,  p.  264. 

1922.  Trichiotinus  rufobrunneus  Schenkling,  Coleop.  Cat., 
p.  25. 

1922.  Trichiotinus  obesulus  Schenkling,  Coleop.  Cat.,  p. 
24. 

1930.  Trichiotinus  rufobrunneus  Blatchley,  Florida  Ent. 
14 : 34. 

1930.  Trichiotinus  obesulus  Blatchley,  Florida  Ent.  14 : 34. 
?1930.  Trichiotinus  affinis  Blatchley,  Florida  Ent,  14:  34. 

Male. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  9.1  mm.  to  12  mm. ; greatest  width  of  elytra 
5.1  mm.  to  6.7  mm. 
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Vertex,  front,  and  clypeus  black  except  for  rufescent  apical 
margins  of  clypeus,  finely  and  densely  punctate,  clothed  with 
yellowish  or  light  brown  pubescence ; clypeus  broader  than  long, 
distal  half  to  apex  broadly  rounded,  sinuate  medially,  slightly 
reflexed. 

Pronotnm  rufescent  to  black,  slightly  broader  than  long, 
sides  weakly  converging  to  apical  third,  then  oblique  to  apex ; 
small  cretaceous  spots  rarely  present  on  either  antero-lateral  or 
postero-lateral  angles,  postero-lateral  angles  tomentose ; densely 
but  coarsely  punctate  throughout,  thickly  covered  with  brown- 
ish pubescence.  Scutellum  black;  triangular,  slightly  longer 
than  wide ; punctate,  densely  pubescent. 

Elytra  subquadrate,  slightly  shorter  than  wide,  declivous 
sides ; second  and  fourth  depressed  intervals  finely  and  densely 
punctate,  third  and  fifth  intervals  strongly  convex,  sparsely  and 
coarsely  punctate;  red-brown,  often  intermingled  with  black, 
first  interval  black  except  for  a short  longitudinal  cretaceous 
line  below  scutellum ; each  elytron  with  two  transverse  creta- 
ceous lines,  one  slightly  in  front  of,  the  other  slightly  behind 
the  middle,  reaching  from  the  margin  to  the  fifth  interval; 
declivity  opaque,  dark  in  color  or  even  black  behind  the  ante- 
rior line  and  divided  by  the  second  one ; sparsely  covered  with 
brownish  pubescence. 

Pygidium  red-brown,  slightly  wider  than  long,  strongly  con- 
vex; large  elongate,  cretaceous,  and  tomentose  areas  laterally; 
transverse  crenulate  lines  quite  widely  separated  from  each 
other ; bald. 

Venter  of  thorax  red-brown  or  black,  densely  covered  with 
long  cinereous  hairs,  occasionally  irregular  cretaceous  markings 
on  mesopleura,  metapleura,  and  coxae.  Abdomen  pale  to  deep 
red-brown,  cretaceous  fascia  on  fifth  sternite  usually  widely 
interrupted  medially,  or  absent.  Legs  red-brown,  fore  tibia 
bidentate,  tibial  spur  lacking. 

Prominent  dentation  on  distal  end  of  male  clasper  variable 
in  shape.  The  most  characteristic  and  the  most  common  type 
of  armature  is  that  illustrated  on  Plate  XVI,  fig.  5.  However, 
in  many  specimens  the  male  genitalia  of  this  species  are  not 
readily  distinguishable  from  those  of  the  closely  related  piger. 

Female. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  8.7  mm.  to  11.4  mm. ; greatest  width  of  elytra 
4.8  mm.  to  6.5  mm. 

Pronotum  entirely  black,  less  pubescent  than  in  male,  creta- 
ceous spots  often  present  on  antero-lateral  angles,  always  pres- 
ent on  postero-lateral  angles.  Elytra  black,  the  disk,  except  for 
the  first  interval,  frequently  red-brown.  Pygidium  red-brown 
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or  black,  one-third  broader  than  long,  less  strongly  convex  than 
in  male.  Fore  tibia  bidentate,  inner  spur  present. 

Female  genitalia  illustrated  on  Plate  XVI,  fig.  2.  Small 
apical  sclerite  quite  characteristic  in  some  specimens  while  in 
other  examples  it  approaches  the  general  form  exhibited  by  the 
closely  related  piger  and  texanus. 

Type. — Male,  United  States  National  Museum,  Catalogue  No. 
48719,  Marion  County,  Florida.  The  type  of  obesulus  is  a female, 
United  States  National  Museum,  Catalogue  No.  48720,  Jacksonville, 
Florida.  Paratypes  of  rufobrunneus  as  follows:  11  males,  United 
States  National  Museum,  Catalogue  No.  48719,  Marion  County, 


Fig.  2. — Distribution  of  Trichiotinus  rufobrunneus  (Casey) 


Florida.  Paratype  of  obesulus,  which  bear  the  United  States 
National  Museum  Catalogue  No.  48720,  are  as  follows:  male,  female, 
Jacksonville,  Florida;  female,  Marion  County,  Florida;  female, 
Florida. 

I have  critically  examined  Casey’s  types  and  find  obesulus  to  be 
conspecific  with  rufobrunneus . The  original  description  of  the  lat- 
ter species  was  based  upon  12  males,  whereas  the  original  description 
of  obesulus  was  based  on  a single  female.  A study  of  these  speci- 
mens revealed  that  they  were  morphologically  equivalent  except  for 
color  and  sexual  differences,  and  that  obesulus  represented  the 
female  sex  of  rufobrunneus.  This  relationship  was  later  substan- 
tiated when  the  writer  received  a large  series  of  rufobrunneus  from 
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Mr.  P.  W.  Fattig,  for  among  them  were  two  pairs  he  had  taken  in 
copulation  at  Gainesville,  Florida,  on  May  12  and  May  16,  1919, 
respectively. 

Comparative  Notes. — The  widely  separated  transverse  crenulate 
lines  on  the  pygidium  and  its  lack  of  pubescence  distinguishes  this 
species  from  the  closely  related  piger. 

Distribution. — Florida.  (Fig.  2). 

Specimens  Examined 

Florida:  81  males,  24  females  (Gainesville,  Enterprise,  Port 
Orange,  LaBelle,  Crescent  City,  Ormond,  Kissimmee,  Lake  City, 
Saint  Augustine,  Winterpark,  Capron,  Pahokee,  Umatilla,  Indian 
River,  Lakeland). 

3.  Trichiotinus  t exanus  (Horn) 

1876.  Trichius  texanus  Horn,  Trans.  Amer.  Ent.  Soc.  5: 
194,  195,  197. 

1885.  Trichius  texanus  Henshaw,  Amer.  Ent.  Soc.,  p.  94. 

1893.  Trichius  texanus  Cockerell,  Trans.  Amer.  Ent.  Soc. 

20 : 330. 

1894.  Trichius  texanus  Hamilton,  Canad.  Ent.  26  (9)  : 

252. 

1896.  Trichius  texanus  Schoch,  Lamellicornia  Melitophila, 

p.  86. 

1902.  Trichius  texanus  Wickham,  Bull.  Iowa  Lab.  Nat. 
Hist.  5 (3)  : 278. 

1905.  Trichius  texanus  Knaus,  Canad.  Ent.  37  (10)  : 351. 
1907.  Trichius  texanus  Fall  & Cockerell,  Trans.  Amer. 
Ent.  Soc.  33 : 190. 

1915.  Trichiotinus  texanus  Casey,  Mem.  Col.  6 : 383. 

1915.  Trichiotinus  texanus  monticola  Casey,  Mem.  Col.  6 : 

383. 

1915.  Trichiotinus  intermedins  Casey,  Mem.  Col.  6 : 383- 

384. 

1918.  Trichius  texanus  Dozier,  Ent.  News  29 : 334. 

1920.  Trichiotinus  texanus  Leng,  Cat.  Col.  of  Amer.  North 
of  Mex.,  p.  264. 

1920.  Trichiotinus  texanus  monticola  Leng,  Cat.  Col.  of 
Amer.  North  of  Mex.,  p.  264. 

1920.  Trichiotinus  intermedins  Leng,  Cat.  Col.  of  Amer. 
North  of  Mex.,  p.  264. 

1922.  Trichiotinus  texanus  Schenkling,  Coleop.  Cat.,  p.  25. 
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1922.  Trichiotinus  texanus  monticola  Schenkling,  Coleop. 
Cat.,  p.  25. 

1922.  Trichiotinus  intermedins  Schenkling,  Coleop.  Cat., 
p.  24. 

1927.  Trichius  texanus  Engelhardt,  Bull.  Brooklyn  Ent. 
Soc.  22:252. 

1930.  Trichiotinus  texanus  Blatchley,  Florida  Ent.  14 : 34. 

Male. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  9 mm.  to  12.8  mm. ; greatest  width  of  elytra 
5 mm.  to  7.2  mm. 

Vertex,  front,  and  clypeus  piceous,  finely  and  densely  punc- 
tate, pubescence  white;  clypeus  transverse,  distal  half  to  apex 
broadly  rounded,  deeply  sinuate  medially,  slightly  reflexed. 

Pronotum  piceous,  slightly  broader  than  long,  sides  weakly 
converging  to  apical  third,  then  oblique  to  apex;  cretaceous 
spots  absent;  moderately  densely  and  coarsely  punctate,  white 
pubescence  somewhat  dense  in  unrubbed  specimens,  tomentose 
areas  on  antero-lateral  and  postero-lateral  angles  small  or  obso- 
lete. Scutellum  black ; triangular,  slightly  longer  than  wide ; 
smooth  margin  prominent,  densely  punctate  and  pubescent. 

Elytra  subquadrate,  slightly  shorter  than  wide,  declivous 
sides ; second  and  fourth  depressed  intervals  finely  and  densely 
punctate,  third  and  fifth  intervals  strongly  convex,  sparsely 
and  coarsely  punctate ; piceous  except  for  two  prominent  trans- 
verse or  somewhat  oblique  cretaceous  fascia  reaching  from  mar- 
gin of  declivity  to  third  interval,  a short  narrow  cretaceous  line 
on  first  interval  caudad  of  scutellum,  and  occasionally  longi- 
tudinal cretaceous  lines  on  the  second  and  fourth  intervals; 
declivity  opaque  behind  anterior  fascia  and  divided  by  the  sec- 
ond one ; white  pubescence  sparse. 

Pygidium  black  or  piceous,  slightly  wider  than  long, 
strongly  convex ; large  elongate,  cretaceous,  and  tomentose  areas 
laterally;  transverse  serrulate  lines  approximate;  pubescence 
not  dense. 

Venter  of  thorax  piceous,  with  dense  white  hairs,  hirsute, 
cretaceous  spots  on  mesopleura  and  metapleura.  Abdomen 
piceous,  cretaceous  fascia  on  fifth  sternite  widely  separated 
medially,  or  absent.  Legs  piceous,  fore  tibia  bidentate,  tibial 
spur  lacking. 

Dentations  on  distal  end  of  male  clasper  somewhat  variable 
in  shape,  but  usually  terminating  acutely  at  the  tip.  Two  very 
characteristic  and  common  types  of  armatures  of  this  species 
are  illustrated  on  Plate  XVII,  figs.  17  and  20.  A study  of  the 
variation  existing  in  a large  series  of  the  genitalia  of  this  species 
indicates  its  close  affinity  with  piger  and  rufobrunneus. 
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Female. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  9.6  mm.  to  12.9  mm. ; greatest  width  of  elytra 
5.3  mm.  to  7.3  mm. 

Pronotum  piceons  except  for  large  cretaceous  and  tomentose 
areas  on  antero-lateral  and  postero-lateral  angles;  coarser  and 
less  dense  punctures  than  in  male,  sometimes  with  a smooth  area 
within  hind  angles ; white  or  yellowish  pubescence. 

Elytra  usually  black  except  for  cretaceous  markings,  rarely 
a portion  of  the  disk  rufescent ; pubescence  white  or  yellowish. 
Pygidium  at  least  one-third  broader  than  long,  less  convex  than 
in  male,  dense  pubescence  white  or  yellow.  Fore  tibia  biden- 
tate,  inner  spur  present. 

Female  genitalia  as  shown  on  Plate  XVII,  fig.  19.  Small 
apical  sclerites  acute  at  distal  end,  the  inner  margins  sinuous. 
The  similarity  of  the  female  genitalia  of  this  species  with  that 
of  piger  and  rufobrunneus  indicates  that  these  three  species  are 
phylogenetically  related. 

Type. — Lectotype,  male,  Academy  of  Natural  Sciences  of  Phila- 
delphia, Catalogue  No.  3719,  Texas.  Other  specimens  in  the  acad- 
emy collection  bearing  the  Horn  collection  label  and  Catalogue 
Number  H.  5938  are  as  follows:  male,  Kansas  (Williston)  ; 3 males, 
4 females,  Texas.  The  type  of  T.  texanus  monticola  Casey  bears 
the  following  data : male,  United  States  National  Museum,  Cata- 
logue No.  48716,  Cloudcroft,  New  Mexico,  9,000  feet  altitude  (W. 
Knaus).  Data  on  the  type  Trichius  intermedins  Casey  are  as  fol- 
lows: female,  United  States  National  Museum,  Catalogue  No.  48717, 
VowelUs  Mill,  Louisiana,  June.  Two  female  paratypes  taken  at  the 
same  place  complete  the  series  present  in  the  Casey  Collection. 

Casey’s  texanus  monticola  and  intermedins  must  be  suppressed 
as  synonyms  of  texanus  (Horn),  inasmuch  as  they  were  differen- 
tiated from  the  latter  chiefly  on  the  basis  of  color  and  other  morpho- 
logical characteristics  which  are  extremely  plastic,  not  only  in  the 
latter  species,  but  throughout  the  genus  as  well.  A study  of  the 
type  material  and  a large  series  of  specimens  from  Texas  and  sur- 
rounding states  revealed  that  only  texanus  (Horn)  is  tenable. 
Moreover,  the  genitalia  were  dissected  from  the  type  specimens  of 
monticola  and  intermedins  and  were  determined  as  conspecific  with 
texanus. 

Comparative  Notes. — This  species  is  closely  related  to  piger  and 
rufobrunneus.  It  differs  from  the  latter  two  species  in  being  en- 
tirely piceous  except  for  the  cretaceous  markings  on.  the  elytra. 
Texanus  usually  lacks  a cretaceous  fascia  on  the  fifth  abdominal 
sternite,  and  possesses  distinctive  characters  in  the  genitalia. 
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Distribution.- — Kansas,  New  Mexico,  Oklahoma,  and  Texas. 
(Fig.  3). 


Specimens  Examined 

Kansas:  Male  (Kiowa  County).  New  Mexico:  2 males  (Cloud- 
croft,  Alamogordo).  Oklahoma:  5 males  (Comanche  County). 
Texas:  127  males,  73  females  (Eastland  County,  Colorado  County, 
Dallas,  Calvert,  Wharton,  Victoria,  Cotulla,  Kerrville,  Babyhead, 
Rock  Island,  Davis  Mountains,  Harris  County,  College  Station, 
Taylor,  Fedor,  Lee  County,  Round  Mountains,  Alpine,  New  Braun- 
fels, Denton). 

4.  Trichiotinus  assimilis  (Kirby) 

1837.  Trichius  ( Trichinus ) assimilis  Kirby,  Fauna  Bor. 

Amer.  4 : 137-138. 

1838.  Trichius  bistriga  Newman,  Ent.  Mag.  5 : 170. 

1840.  Trichius  piger  Burmeister  & Schaum,  In  Germar’s 

Zeitschr.  Ent.  2 : 413-414  (in  part  var.  b ; var.  e). 

1841.  Trichius  variabilis  Burmeister  & Schaum,  In  Ger- 

mans Zeitschr.  Ent.  3:  240-241  (in  part  var.  a; 
var.  d). 

1842.  Trichius  bibens  Burmeister,  Handb.  Ent.  3:  756  (in 

part;  in  part  var.  d). 

1849.  Trichius  affinis  Schaum,  Ann.  Soc.  Ent.  France, 
second  series,  7 : 293-294  (in  part). 
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1853.  Trichius  affinis  Melsheimer,  Cat.  U.  S.  Col.,  p.  61 
(in  part). 

1863-1866.  Trichius  affinis  LeConte,  Smithson.  Miscl. 
Coll.  No.  140;  41  (in  part). 

1869.  Trichius  affinis  Gemminger  & Harold,  Cat.  Col.  4 : 
1344  (in  part). 

?1874.  Trichius  affinis  Ulke,  In  Hayden’s  Ann.  Rep.  U.  S. 

Geol.  & Geogr.  Surv.  of  the  territories  embracing 
Colorado,  p.  569. 

1876.  Trichius  affinis  Horn,  Canad.  Ent.  8:  168. 

1876.  Trichius  affinis  Horn,  Trans.  Amer.  Ent.  Soc.  5 : 197 
(in  part). 

1879.  Trichius  assimilis  LeConte,  Bull.  U.  S.  Geol.  & 
Geogr.  Surv.  5 (3)  : 504. 

1896.  Trichius  affinis  Schoch,  Lamellicornia  Melitophila, 
p.  86  (in  part). 

?1902.  Trichius  affinis  Wickham,  Bull.  Iowa  Lab.  Nat.  Hist. 
5 (3)  : 278. 

1915.  Trichiotinus  assimilis  Casey,  Mem.  Col.  6 : 385-386. 

1920.  Trichius  assimilis  Carr,  Alberta  Nat.  Hist.  Soc.,  pp. 
6-7. 

1920.  Trichiotinus  assimilis  Leng,  Cat.  Col.  of  Amer. 
North  of  Mex.,  p.  264. 

1922.  Trichiotinus  assimilis  Schenkling,  Coleop.  Cat.,  p. 
24. 

1926.  Trichiotinus  assimilis  Leonard,  Cornell  Univ.  Agri. 
Expt.  Sta.  Mem.  101 : 430. 

1928.  Trichiotinus  assimilis  Criddle,  Fifty-eighth  Ann. 
Rep.  Ent.  Soc.  of  Ontario,  pp.  96-97. 

Male. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  6.9  mm.  to  10.5  mm. ; greatest  width  of  elytra 
4 mm.  to  6.1  mm. 

Vertex,  front,  and  clypens  piceous,  finely  and  densely  punc- 
tate, pubescence  cinereous  or  yellow;  clypeus  transverse,  apex 
deeply  sinuate  medially,  slightly  reflexed. 

Pronotum  black ; convex,  slightly  broader  than  long,  lateral 
margins  weakly  converging  to  apical  third,  then  oblique  to 
apex;  cretaceous  spots  absent;  punctation  fine,  moderately 
dense;  densely  clothed  with  long  fine  cinereous  or  yellowish 
hairs,  tomentose  at  postero-lateral  angles.  Scutellum  black; 
slightly  longer  than  wide,  densely  punctate ; clothed  with  long 
cinereous  or  yellowish  hairs. 
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Elytra  subquadrate,  transverse,  declivous  sides;  third  and 
fifth  intervals  feebly  raised,  all  intervals  sparsely  punctate 
throughout ; oblique  testaceous  fascia  extending  inward  from 
margin  of  elytral  declivity  through  fifth  interval  enlarging  at 
the  disk  of  intervals  three  and  four,  and  practically  all  of  the 
adjoining  second  interval;  usually  a cretaceous  fascia  superim- 
posed on  the  testaceous  band  which  extends  inward  through 
fifth  interval  or  beyond ; a small  cretaceous  line  on  first  interval 
below  scutellum,  usually  another  white  band  extending  from  the 
middle  of  the  second  interval  almost  to  the  apex;  declivity 
opaque  behind  anterior  fascia  and  divided  by  the  posterior  fas- 
cia ; white  or  yellowish  hairs  sparse. 

Pygidium  convex,  black  except  for  two  prominent  elongate, 
cretaceous,  and  tomentose  areas  laterally ; transverse  minutely- 
crenulate  lines  approximate ; densely  clothed  with  conspicuous 
long  and  fine  cinereous  or  yellow  hairs.  Yenter  of  thorax  black, 
vestiture  as  on  pygidium ; cretaceous  spots  may  or  may  not  be 
present  on  metasternum,  mesopleura,  metapleura,  and  coxae. 
Abdomen  black,  cretaceous  fascia  lacking  on  fifth  sternite. 
Legs  black,  fore  tibia  bidentate,  tibial  spur  present. 

Characteristic  shape  of  male  claspers  as  illustrated  on  Plate 
XVII,  fig.  13.  I have  dissected  several  hundred  male  specimens 
of  this  species  and  have  found  the  claspers  to  be  invariable. 

Female. — Median  length  from  anterior  edge  of  pronotum 
to  apex  of  pygidium  7.9  mm.  to  10.5  mm. ; greatest  width  of 
elytra  4 mm.  to  6.3  mm. 

Pronotum  as  in  male  except  for  cretaceous  spots  on  postero- 
lateral angles  and  less  dense  vestiture.  Pygidium  distinctly 
less  convex  than  in  male,  subapically  flattened,  margin  of  apical 
third  terminating  acutely.  Spur  present  on  fore  tibia. 

The  uniform  and  characteristic  genitalia  of  the  female  are  illus- 
trated on  Plate  XVII,  fig.  12. 

Type. — Type  specimens  of  Trichius  ( Trichinus ) assimilis  Kirby, 
tVo  females  without  abdomens,  are  located  in  the  British  Museum 
of  Natural  History.  The  type  of  Trichius  bistriga  Newman,  a male, 
resides  in  the  same  museum.  A series  of  specimens  of  assimilis 
Kirby  were  sent  to  Mr.  Arrow  of  the  British  Museum,  who  kindly 
compared  them  with  the  types.  He  had  no  difficulty  in  associating 
these  specimens  with  the  types,  and  these  “ compared  with  type” 
specimens  show  that  bistriga  Newman  is  synonymous  with  assimilis 
Kirby,  a fact  previously  pointed  out  by  cataloguers. 

Comparative  Notes. — In  collections  this  species  is  often  confused 
with  piger , affinis  (G.  & P.),  and  viridans  (Kirby).  The  very 
sparse  punctation  of  the  second  and  fourth  elytral  intervals,  oblique 
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cretaceous  fascia  on  declivity  of  elytra,  and  vestiture  of  long  cinere- 
ous or  yellowish  hairs  readily  separates  assimilis  from  piger.  Al- 
though. closely  related  to  affinis  and  viridans,  assimilis  may  be  dis- 
tinguished from  them  externally  by  its  larger  size  and  characteris- 
tically prominent  vestiture  on  the  pygidium.  The  identification  of 
small  rubbed  or  discolored  specimens  on  the  basis  of  external  charac- 
ters is  often  difficult  or  impossible.  It  then  becomes  necessary  to 
dissect  out  the  internal  genitalia  of  the  beetle  before  classfying  it. 
A glance  at  the  male  and  female  genitalia  of  this  species  will  show 
that  they  are  radically  different  from  the  genitalia  of  closely  related 
species,  and  that  they  afford  an  invariable  means  of  specific  differen- 
tiation. 

Distribution. — Nova  Scotia,  New  Brunswick,  Ontario,  Maine, 
New  Hampshire,  Vermont,  Massachusetts,  Connecticut,  New  York, 
Pennsylvania,  Michigan,  Illinois,  Wisconsin,  Minnesota,  Mackenzie, 
Manitoba,  Saskatchewan,  Alberta,  British  Columbia,  Washington, 
Idaho,  Montana,  Wyoming,  South  Dakota,  Utah,  Colorado,  Kansas, 
and  New  Mexico.  (Fig.  4) . 


Specimens  Examined 

Alberta,  Canada:  Female  (Edmonton).  British  Columbia,  Can- 
ada: 21  males,  8 females  (Revelstoke,  Trinity  Valley,  Sicamous, 
Lillooet,  Aspen  Grove,  Bear  Foot,  Martin  Mountains,  Lansdowne, 
Merritt,  Salmon  Arm,  Olivier,  Agassiz,  Victoria,  Vancouver,  Arm- 
strong). Colorado:  40  males,  15  females  (Glendevey,  Stonewall, 
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Beaver  Brook,  Montrose  County,  San  Miguel  County,  La  Junta, 
Oslar,  Manitou,  Boulder,  Electra  Lake,  Colorado  Springs,  Ouray 
County,  Florntine,  Horntine).  Connecticut:  Male,  female  (Mo- 
hawk Mountains,  Litchfield).  Idaho:  Male,  5 females  (Bear  Lake, 
Priest  River) . Illinois:  Male  (Lake  Forest) . Kansas:  Male,  female 
(Douglas  County).  Mackenzie,  Northwest  Territories:  2 females 
(Fort  Wrigley,  McKenzie  River).  Maine:  40  males,  11  females 
(Millinocket  Tote  Road,  Bethel,  Togue  Pd.  Camp,  Cape  Rozier,  Bar 
Harbor,  Paris,  Monmouth,  Chr.  Cove,  Lewiston,  Orrs  Island,  South- 
west Harbor,  Harrison,  Rangeley,  Northeast  Harbor,  Machias, 
Southport,  Salisbury  Cove,  Georgetown).  Manitoba,  Canada:  6 
males,  5 females  (Winnipeg,  Victoria,  Aweme).  Massachusetts : 27 
males,  19  females  (Hampshire  County,  Gardner,  Marblehead,  Mel- 
rose Highlands,  Amherst,  Tyngsboro,  Springfield,  Winchester,  Nor- 
folk, Ellis,  Natick,  Arlington,  Danvers,  Framingham,  Sherborn, 
Blandford,  Wellesley,  Cohasset,  Dracut,  Pliillipston,  Southboro, 
Dorchester,  Templeton,  Swampscott,  Princeton,  Forest  Hills). 
Michigan:  63  males,  38  females  (Douglas  Lake,  Cheboygan  County, 
Temperance  Point,  Emmet  County,  Chatham,  Keweenaw  County, 
Mackinaw  Island,  Burt  Lake,  Indian  River,  Garden  Island,  Muni- 
sing, Port  Huron,  Pequaming,  Agricultural  College,  Alpena). 
Minnesota:  252  males,  72  females  (Plummer,  Itasca  Park,  Lake 
Itasca,  Cook  County,  Cass  County,  Isanti  County,  Carlton  County, 
Itasca  County,  Pelland,  Two  Harbors,  Koochiching  County,  Laporte, 
Ramsey  County,  Saint  Paul,  Hennepin  County,  Minneapolis, 
Rochester,  Ely,  Duluth,  Nisswa,  Cloquet,  North  Branch,  Taylors 
Falls,  Stillwater,  Jay  Cook  Park,  Audubon,  Kittson  County, 
LeSueur  Center,  Hubbard  County).  Montana:  2 males,  3 females 
(Ravalli  County,  Big  Fork).  New  Brunswick,  Canada:  2 males,  2 
females  (Boiestown,  Penobsquis).  New  Hampshire:  13  males,  7 
females  (White  Mountains,  Mount  Stinson,  Shelburne,  Mount  Wash- 
ington, Belknap  County,  Franconia,  Durham,  Antrim,  Tamworth, 
Rumney,  Manchester).  New  Mexico:  6 males,  female  (Jemez 
Springs,  Beulah,  Estancia,  Little  Tesuque  Canon,  Vic.  Santa  Fe). 
New  York:  70  males,  13  females  (Cranberry  Lake,  Lake  George, 
Blackbrook,  Batavia,  Newcomb,  Cooks  Falls,  North  Elba,  Clayton, 
Schroon  Falls,  Buffalo,  Ithaca,  Rochester  Jc.,  Plattsburg).  Nova 
Scotia,  Canada:  Male  (Truro).  Ontario,  Canada:  22  males,  12 
females  ( Gravenhurst,  Muskoka  Dist.,  Gold  Rock,  Rainy  R.  Dist., 
Vineland,  Ottawa,  Orillia,  Toronto,  Burks  Falls,  Caistor  Center, 
Gull  Lake,  Irondale).  Pennsylvania:  Male  (Pocono  Lake).  Que- 
bec, Canada:  9 males,  4 females  (Chelsea,  Saint  Johns  County, 
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Kn  owl  ton , Saint  Hilaire,  Covey  Hill).  Saskatchewan,  Canada: 
Male.  South  Dakota:  5 males,  4 females  (Sylvan  Lake,  Buffalo 
Gap).  Utah:  Male  (Utah  County).  Vermont:  3 males.  Washing- 
ton: Male,  female  (Northport).  Wisconsin:  14  males,  8 females 
(Casco,  Cumberland,  Hayward,  Door  County,  Sturgeon  Bay,  Stan- 
ley, Trout  Lake,  Manitowoc,  Clark  County).  Wyoming:  4 males, 
2 females  (Stewart  R.  Sta.,  Jackson  Hole,  Yellowstone  Park). 

5.  Trichiotinus  affinis  (Gory  & Percheron) 

1833.  Trichius  affinis  Gory  & Percheron,  Mon.  Cet.,  pp.  48, 
93,  pi.  11,  fig.  1. 

1837.  Trichius  affinis  Dejean,  Cat.  Col.,  p.  187. 

1840.  Trichius  piger  Burmeister  & Schaum,  In  Germar’s 

Zeitschr.  Ent.  2:  413-414  (in  part). 

1841.  Trichius  variabilis  Burmeister  & Schaum,  In  Ger- 

mar’s Zeitschr.  Ent.  3 : 240-241  (in  part;  var.  a). 

1842.  Trichius  bibens  Burmeister,  Hand.  Ent.  3:  755  (in 

part ; in  part  var.  d) . 

1844.  Trichius  mutabilis  Schaum,  Ann.  Soc.  Ent.  France, 
second  series,  2:  400  (in  part). 

1849.  Trichius  affinis  Schaum,  Ann.  Soc.  Ent.  France, 
second  series,  7 : 293-294  (in  part). 

1853.  Trichius  affinis  Melsheimer,  Cat.  U.  S.  Col.,  p.  61. 
1863-1866.  Trichius  affinis  LeConte,  Smithson.  Miscl.  Coll. 
No.  140  : 41  (in  part) . 

1868.  Trichius  affinis  Horn,  Trans.  Amer.  Ent.  Soc.  2 : 124. 

1869.  Trichius  affinis  Gemminger  & Harold,  Cat.  Col.  4 : 

1344  (in  part) . 

1870.  Trichius  affinis  Pettit,  Canad.  Ent.  2 (6)  : 86. 

1870.  Trichius  affinis  Pettit,  Le  Nat.  Can.  2:  178. 

1873.  Trichius  affinis  Crotch,  Check  List  Col.  Amer.,  p.  58. 

1874.  Trichius  affinis  Austin,  Proc.  Boston  Soc.  Nat.  Hist. 

16:  269. 

1876.  Trichius  affinis  Horn,  Trans.  Amer.  Ent.  Soc.  5 : 194, 

195,  197  (in  part). 

1877.  Trichius  affinis  Provancher,  Petite  Faune  Ent.  du 

Can.  Yol.  1 — Les  Coleopteres,  pp.  342-343. 

?1877.  Trichius  affinis  Popenoe,  Trans.  Ivans.  Acad.  Sci.  5 : 

30. 

1878.  Trichius  affinis  Hubbard  & Schwarz,  Proc.  Amer. 

Philos.  Soc.  17 : 636,  655. 

1881.  Trichius  affinis  Schaupp,  Bull.  Brooklyn  Ent.  Soc. 
4:  23. 
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1881.  Trichius  affinis  LeConte,  Can.  Geol.  & Nat.  Hist.  Sur- 
vey Rep.  of  Progress  for  1879-80,  pp.  71c-72c. 

1881.  Trichius  affinis  Zesch,  Bull.  Buffalo  Soc.  Nat.  Sci. 

4:8. 

1882.  Trichius  affinis  Smith,  Bull.  Brooklyn  Ent.  Soc. 

5 (1)  : 25-26. 

1883.  Trichius  affinis  LeConte,  Can.  Geol.  & Nat.  Hist. 

Survey  Rep.  of  Progress  for  1880-81-82,  p.  30c. 
?1883.  Trichius  affinis  Snow,  Trans.  Kans.  Acad.  Sci.  8 : 41. 

1884.  Trichius  affinis  Leng,  Bull.  Brooklyn  Ent.  Soc.  7 : 

76. 

1885.  Trichius  affinis  Henshaw,  Amer.  Ent.  Soc.,  p.  94. 
1888.  Trichius  affinis  Wickham,  Bull.  Iowa  Lab.  Nat.  Hist. 

1:  88. 

1890.  Trichius  affinis  Harrington,  Canad.  Ent.  22  (1)  : 
185. 

1890.  Trichius  affinis  Smith,  Geol.  Surv.  of  N.  Jersey  2 : 
198. 

1893.  Trichius  affinis  Hamilton,  Canad.  Ent.  25.  (12)  : 326. 

1895.  Trichius  affinis  Hamilton,  Trans.  Amer.  Ent.  Soc. 
22:  337. 

1B5.  Trichius  affinis  Laurent,  Canad.  Ent.  27  (11):  323. 

1895.  Trichius  affinis  Wolcott,  Ent.  News  6 (10)  : 310. 

1896.  Trichius  affinis  Schoch,  Lamellicornia  Melitophila, 

p.  86  (in  part) . 

1897.  Trichius  affinis  Snyder,  Ent.  News  8 : 131. 

1897.  Trichius  affinis  Wickham,  Proc.  Davenport  Acad. 
‘ Nat.  Sci.  6 : 156. 

1899.  Trichius  affinis  Evans,  Canad.  Ent.  31  (11)  : 321. 

1900.  Trichius  affinis  Smith,  Insects  of  New  Jersey,  p.  283. 

1902.  Trichius  affinis  Dury,  Jour.  Cincinnati  Soc.  20:  157. 

1903.  Trichius  affinis  Beaulieu,  Le  Naturaliste  Canad.  30 : 

126. 

1903.  Trichius  affinis  Evans,  Canad.  Ent.  35  (9)  : 292. 
1903.  Trichius  affinis  Ulke,  Proc.  U.  S.  Nat.  Mus.  25 
(1275)  : 25. 

?1903.  Trichius  affinis  Skinner,  Trans.  Amer.  Ent.  Soc.  29 : 
40. 

?1903.  Trichius  affinis  Snow,  Kans.  Univ.  Sci.  Bull.  2 (4)  : 
197-198. 

1903.  Trichius  affinis  Young,  N.  Y.  State  Mus.  Bull.  64: 
158. 


174 


October,  1935 


ENTOMOLOGICA  AMERICANA 


1907.  Trichius  affinis  Evans  & Wickham,  Ottawa  Nat.  21 : 
157. 

?1907.  Trichius  affinis  Fall  & Cockerell,  Trans.  Amer.  Ent. 
Soc.  33 : 190. 

?1907.  Trichius  affinis  Snow,  Trans.  Kans.  Acad.  Sci.  20 
(2)  : 179. 

1909.  Trichius  affinis  Easton,  Psyche  16  (3)  : 52. 

1909.  Trichius  affinis  Adams,  Mich.  Biol.  Surv.  for  1908, 

p.  199. 

1910.  Trichius  affinis  Blatchley,  Col.  of  Indiana,  pp.  1003- 

1004. 

1910.  Trichius  affinis  Morse,  Ann.  Rept.  New  Jersey  State 
Mus.  for  1909,  p.  322. 

1910.  Trichius  affinis  Leng,  Jour.  N.  Y.  Ent.  Soc.  18  (2)  : 

77. 

1911.  Trichius  affinis  Wickham,  Bull.  Iowa  Lab.  Nat.  Hist. 

6 (2)  : 27. 

1915.  Trichius  affinis  Lovell,  Psyche  22  : 114. 

1915.  Trichiotinus  affinis  Casey,  Mem.  Col.  6 : 387. 

1915.  Trichiotinus  ventricosus  Casey,  Mem.  Col.  6 : 386- 
387. 

1915.  Trichiotinus  parvulus  Casey,  Mem.  Col.  6 : 387-388. 

1918.  Trichius  affinis  Blackman,  N.  Y.  State  College  For. 
Tech.  Pub.  No.  10 : 124,  132. 

1918.  Trichius  affinis  Lutz,  Field  Book  of  Insects,  p.  335. 

1919.  Trichius  affinis  Notman,  Jour.  N.  Y.  Ent.  Soc.  27: 

97. 

1920.  Trichiotinus  affinis  Britton,  Conn.  Geol.  Nat.  Hist. 

Surv.  Bull.  No.  31,  p.  265. 

1920.  Trichius  affinis  Notman,  Jour.  N.  Y.  Ent.  Soc.  28: 

21. 

1920.  Trichiotinus  affinis  Leng,  Cat.  Col.  of  Amer.  North 
of  Mex.,  p.  264. 

1920.  Trichiotinus  ventricosus  Leng,  Cat.  Col.  of  Amer. 
North  of  Mex.,  p.  264. 

1920.  Trichiotinus  parvulus  Leng,  Cat.  Col.  of  Amer. 
North  of  Mex.,  p.  264. 

1922.  Trichiotinus  affinis  Schenkling,  Coleop.  Cat.,  p.  23. 
1922.  Trichiotinus  parvulus  Schenkling,  Coleop.  Cat.,  p. 
24. 

1922.  Trichiotinus  ventricosus  Schenkling,  Coleop.  Cat., 
p.  25. 
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1923.  Trichius  affinis  Andrews,  Pap.  Mich.  Acad.  Sci.  Arts 

& Letters  for  1921,  p.  370. 

1924.  Trichiotinus  affinis  Hatch,  N.  Y.  State  College  For. 

Tech.  Pub.  17  : 306. 

1924.  Trichiotinus  affinis  Blackman  & Stage,  N.  Y.  State 

College  For.  Tech.  Pub.  No.  17 : 26,  86,  87. 

1924.  Trichiotinus  affinis  Hatch,  Pap.  Mich.  Acad.  Sci. 

Arts  & Letters  4 : 579. 

1926.  Trichiotinus  affinis  Leonard,  Cornell  Univ.  Agri. 

Expt.  Sta.  Mem.  101 : 430. 

?1926.  Trichiotinus  viridans  Leonard,  Cornell  Univ.  Agri. 

Expt.  Sta.  Mem.  101 : 430. 

1926.  Trichiotinus  parvulus  Leonard,  Cornell  Univ.  Agri. 

Expt.  Sta.  Mem.  101 : 430. 

1929.  Trichius  affinis  Robertson,  Flowers  & Insects,  pp. 

101,  114,  121,  140,  166,  202. 

1934.  Trichiotinus  affinis  Cartwright,  Ent.  News  45  (10)  : 

269. 

Male. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  7 mm.  to  9.9  mm. ; greatest  width  of  elytra  4.2 
mm.  to  5.5  mm. 

Vertex,  front,  and  clypeus  black  with  a green  metallic  lus- 
ter, finely  and  densely  punctate ; clypeus  transverse,  distal  half 
to  apex  broadly  rounded,  apex  moderately  sinuate  medially, 
slightly  reflexed. 

Pronotum  black  with  a green  metallic  luster,  convex,  slightly 
broader  than  long,  apical  third  feebly  oblique  to  apex;  creta- 
ceous spots  absent;  punctation  moderately  dense  and  usually 
coarse;  cinereous  or  yellowish  hairs  very  fine  and  somewhat 
dense,  tomentose  on  postero-lateral  angles.  Scutellum  black; 
densely  and  finely  punctate ; clothed  with  long  dense  cinereous 
or  yellowish  hairs. 

Elytra  subquadrate,  slightly  wider  than  long,  declivous 
sides;  third  and  fifth  intervals  slightly  raised,  second  and 
fourth  intervals  flattened  and  sparsely  punctate;  color  varies 
from  testaceous  to  almost  black,  occasionally  almost  entirely 
unicolor,  but  usually  black  except  for  testaceous  disk,  irides- 
cent ; usually  a transverse  or  oblique  cretaceous  fascia  extend- 
ing inward  from  margin  of  elytral  declivity,  seldom  penetrating 
fifth  interval,  another  cretaceous  line  on  first  interval  below 
scutellum;  opaque  area  on  declivity  behind  anterior  fascia 
divided  by  the  posterior  fascia;  sparse  pubescence. 

Pygidium  convex,  black  with  a green  sheen  except  for  usual 
elongate,  cretaceous  and  tomentose  areas  laterally;  minutely- 
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crenulate,  pubescence  cinereous  or  yellowish.  Venter  of  thorax 
black,  densely  clothed  with  conspicuous  long  and  fine  cinereous 
or  yellowish  hairs ; cretaceous  spots  may  or  may  not  be  present 
on  metasternum,  mesopleura,  metapleura,  and  coxae.  Abdomen 
black,  cretaceous  fascia  usually  lacking  on  fifth  sternite.  Legs 
rufescent  to  black,  fore  tibia  bidentate,  tibial  spur  present. 

The  male  claspers,  which  are  shown  on  Plate  XVII,  fig.  16, 
are  very  characteristic  and  unlike  those  of  any  of  the  other 
species.  Dissection  of  a large  number  of  male  specimens 
revealed  that  the  shape  of  the  claspers  is  constant. 

Female. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  7 mm.  to  9.3  mm. ; greatest  width  of  elytra 
3.7  mm.  to  5.5  mm. 

Pronotum  same  as  male  except  for  cretaceous  spots  on 
postero-lateral  angles,  cretaceous  spots  sometimes  present  on 
antero-lateral  angles.  Pygidium  less  convex  than  in  male, 
flattened  subapically,  margin  of  apical  third  terminating 
acutely.  Spur  present  on  fore  tibia.  Female  genitalia  as 
shown  on  Plate  XVII,  fig.  18.  The  female  genitalia  are  very 
different  in  character  than  the  closely  related  viridans  (Kirby). 

Type. — Neotype,  a male  (Coll.  Melly),  located  at  the  Geneva 
Museum  of  Natural  History  at  Geneva,  Switzerland.  Horn  (1926) 
states  that  the  Cetoniidae  of  H.  L.  Gory  went  from  Schaum  to  Melly, 
and  that  the  collection  of  Melly  is  in  the  Geneva  Museum.  Mr.  J. 
Carl  has  forwarded  to  me  all  the  Trichiotinus  material  in  the  Geneva 
Museum.  Under  the  specimens  labeled  a) finis  I found  three  belong- 
ing to  this  species  and  one  to  viridans ; and  under  specimens  labeled 
viridans,  one  belonged  to  this  species,  whereas  three  were  affinis. 
Each  of  the  specimens  bears  the  label  “Coll.  Melly.”  However,  I 
do  not  believe  that  we  have  sufficient  evidence  to  show  that  this  is  the 
type  series  of  Gory  and  Percheron.  Since  the  affinis  series  is  com- 
posite, and  since  this  species  has  been  confused  with  viridans  in  most 
collections  which  I have  examined,  I hereby  designate  as  a neotype 
one  of  the  specimens  labeled  affinis  in  the  Geneva  Museum  of  Nat- 
ural History. 

The  type  of  Trichiotinus  ventricosus  Casey  is  located  in  the 
United  States  National  Museum.  Data  on  this  type  are  as  follows : 
Male,  Catalogue  No.  48722,  Michigan  (C.  F.  B.).  Casey  (1915) 
described  Trichiotinus  parvulus  from  a male  specimen  taken  in  New 
York.  The  type  is  in  the  United  States  National  Museum  under 
Catalogue  No.  48721.  Approximately  700  specimens  of  this  species 
were  available  for  study  and  it  was  soon  recognized  that  members 
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within  it  were  highly  variable  in  color  and  pnnctation  of  certain 
sclerites.  Genitalia,  on  the  other  hand,  were  found  to  be  constant. 
A critical  examination  of  Casey’s  ventricosus  and  parvulus,  includ- 
ing a study  of  the  genitalia,  disclosed  that  they  were  identical  with 
affinis  G.  & P.,  and  therefore  must  be  suppressed  as  synonyms.  In 
the  Casey  collection,  numbers  17  and  25  identified  as  affinis  are 
females  of  viridans,  while  number  27,  instead  of  being  affinis , is  a 
male  of  piger. 

Comparative  Notes. — This  species  and  the  following  closely  re- 
lated viridans  (Kirby)  are  the  smallest  species  found  in  the  genus 


Trichiotinus.  Apparently  because  of  the  variance  in  color,  affinis 
is  often  misidentified  as  viridans,  assimilis,  or  piger.  Trichiotinus 
affinis  can  be  satisfactorily  segregated  from  viridans  only  on  the 
basis  of  genitalia;  from  assimilis  by  the  short  transverse  cretaceous 
line  on  the  elytral  declivity,  absence  of  a cretaceous  longitudinal 
line  on  the  second  interval,  and  shorter  vestiture  on  the  pygidium ; 
and  from  piger  by  the  sparse  punctation  on  the  second  and  fourth 
intervals.  The  genitalia  of  these  species  are  very  diagnostic. 

Distribution. — New  Hampshire,  Massachusetts,  Rhode  Island, 
Connecticut,  New  York,  Ontario,  Pennsylvania,  New  Jersey,  Mary- 
land, District  of  Columbia,  West  Virginia,  Illinois,  Virginia,  Ten- 
nessee, North  Carolina,  South  Carolina,  Georgia,  and  Alabama. 
(Pig.  5.) 
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Specimens  Examined 

Alabama:  6 males,  2 females  (Nat.  Forest,  Winston  County). 
Connecticut:  23  males,  9 females  (Cornwell,  South  Windsor,  Corn- 
well  Hollow,  Northford,  Putnam,  Tolland,  Union,  Lyme,  Hamden, 
Colebrook,  Sherman,  New  Haven,  Mount  Carmel,  Litchfield,  Mohawk 
Mountains,  Portland,  Woodbury,  Salisbury,  Winchester,  West  Hart- 
ford). District  of  Columbia:  3 males,  3 females  (Washington). 
Georgia:  Male,  female  (Yonah  Mountain).  Illinois:  Male,  2 fe- 
males (Northern  Illinois).  Indiana:  Male,  3 females  (Clark 
County).  Maryland:  30  males,  14  females  (Beltsville,  Baltimore, 
Plummer’s  Island,  South  Mountain  near  Pine  Knob,  Poolesville, 
Seven  Locks).  Massachusetts:  40  males,  26  females  (North  Adams, 
Melrose  Highlands,  Southampton,  Mount  Washington,  Gardner, 
North  Saugus,  Fall  River,  Marblehead,  Stroughton,  Boston,  Hamp- 
shire County,  Amherst,  Danvers,  Southbridge,  Springfield,  Sharon, 
Rutland,  Malden,  Mount  Toby,  Worcester,  Dorchester,  Holkinton, 
Brookline,  Sherborn,  Salem,  Ashland).  New  Hampshire:  4 males, 
female  (Belknap  County.)  New  Jersey:  28  males,  14  females 
(Maurice  River,  Vineland,  Plainfield,  Lake  Hopatcong,  Newark, 
Clementon,  Milltown,  Ramsey,  Alpine,  Boonton,  Passaic  Junction, 
Holland,  Great  Notch,  Delaware  Water  Gap,  Croton,  Greenwood 
Lake,  Ridgewood,  Paterson).  New  York:  92  males,  49  females 
(Ithaca,  West  Point,  Rock  City,  Cattaraugus  County,  Hook, 
Brownsville,  Staatsburg,  Cold  Spring  Harbor,  Long  Island,  Elmira, 
Bronx  Park  Botanical  Gardens,  Tuxedo,  Lake  George,  Stony  Point, 
Lake  Mohonk,  Ulster  County,  Suffern,  Fort  Montgomery,  Huguenot, 
Crugers,  North  Castle,  New  York  City,  Yonkers).  North  Carolina: 
10  males,  15  females  (Black  Mountains,  Wilson,  summit  of  Craggy 
Mountains,  Blowing  Rock,  Lake  Toxaway,  Asheville).  Ohio:  Male 
(Put-in-bay).  Ontario,  Canada:  8 males,  2 females  (Vineland, 
Toronto,  Saint  Davids).  Pennsylvania:  33  males,  29  females  (Glen 
Olden,  Edgehill,  Pocono  Lake,  Mount  Alto,  Lehigh  Gap,  Cove 
Mountains,  Delaware  Water  Gap,  Uniontown,  Charter  Oak,  Dauphin 
County,  Hummelstown,  Franklin  County,  Perdix,  Upsal,  Pittsburgh, 
Cresco,  Harrisburg,  Johnstown,  Clarks  Valley,  Philadelphia,  Horse 
Valley).  Rhode  Island:  Male,  female  (Lime  Rock,  Watch  Hill). 
South  Carolina:  8 males,  5 females  (Clemson  College,  Rocky  Bottom, 
Pickens  County,  Jocassee,  Earls  Ford) . Tennessee : Male,  2 females 
(Devil’s  Creek  Trail,  Unaka  Springs,  Nollacay  River,  Chestoa). 
Virginia:  15  males,  13  females  (Mount  Vernon,  Peaks  of  Otter, 
Dead  Run,  Mount  Elliott,  Augusta  County,  Falls  Church,  Chain 
Bridge,  Great  Falls,  near  Plummer’s  Island,  Rosslyn,  Nelson 
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County,  Skyland).  West  Virginia:  3 females  (White  Sulfur,  Web- 
ster Springs,  Aurora). 

6.  Trichiotinus  viridans  (Kirby) 

1837.  Trichius  ( Trichinus ) viridans  Kirby,  Fauna  Bor. 
Amer.  4 : 139. 

1840.  Trichius  piger  Burmeister  & Schaum,  In  Germar’s 

Zeitschr.  Ent.  2 : 413  (in  part ; in  part  var.  c) . 

1841.  Trichius  variabilis  Burmeister  & Schaum,  In  Ger- 

mar’s Zeitschr.  Ent.  3:  240-241  (in  part,  var.  a). 

1842.  Trichius  bibens  Burmeister,  Hand.  Ent.  3:  755  (in 

part;  in  part,  var.  b). 

1849.  Trichius  affinis  Schaum,  Ann.  Soc.  Ent.  France, 
second  series,  7 : 293-294  (in  part). 

1853.  Trichius  affinis  Melsheimer,  Cat.  U.  S.  Col.,  p.  61 
(in  part). 

1863-1866.  Trichius  affinis  LeConte,  Smithson,  Miscl.  Coll. 
No.  140:  41  (in  part). 

1869.  Trichius  affinis  Gemminger  & Harold,  Cat.  Col.  4: 
1344  (in  part). 

1876.  Trichius  affinis  Horn,  Canad.  Ent.  8 : 168. 

1876.  Trichius  affinis  Horn,  Trans.  Amer.  Ent.  Soc.  5: 
197  (in  part). 

1896.  Trichius  affinis  Schoch,  Lamellicornia  Melitophila, 
p.  86  (in  part). 

1915.  Trichiotinus  viridans  Casey,  Mem.  Col.  6 : 386. 

1920.  Trichiotinus  viridans  Leng,  Cat.  Col.  of  Amer.  North 
of  Mex.,  p.  264. 

1922.  Trichiotinus  viridans  Schenkling,  Coleop.  Cat.,  p.  25. 

Male. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  7.6  mm.  to  9 mm. ; greatest  width  of  elytra 
4.3  mm.  to  5.5  mm.  Practically  all  of  the  external  character- 
istics are  identical  with,  or  within  the  variability  of,  those  ex- 
hibited by  affinis  (G.  & P.).  Cretaceous  spots  may  or  may  not 
be  present  on  the  postero-lateral  angles  of  the  pronotum,  while 
cretaceous  fascia  are  usually  present  on  the  fifth  abdominal 
sternite.  Genitalia  are  illustrated  on  Plate  XVII,  fig.  14. 

Female. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  7.8  mm.  to  9.9  mm. ; greatest  width  of  elytra 
4.6  mm.  to  5.5  mm.  Externally  the  female  is  identical  with  the 
male  except  for  the  less  convex  pygidium,  which  is  flattened  sub- 
apically.  The  female  genitalia  (Plate  XVII,  fig.  15)  exhibit  a 
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pair  of  characteristic  apical  sclerites  which  are  very  different 
from  those  of  the  closely  related  affinis. 

Type. — One  male  located  in  the  British  Museum  of  Natural 
History.  Mr.  Arrow,  of  the  British  Museum,  extracted  the  geni- 
talia of  the  type  and  compared  them  with  the  genitalia  of  dissected 
specimens  sent  to  him  by  the  writer.  This  comparison  revealed 
that  viridans  (Kirby)  is  a good  species.  I feel  confident  that 
Kirby  would  have  been  unable  to  distinguish  viridans  from  affinis 
had  his  series  of  specimens  been  extensive.  In  speaking  of  the  rela- 
tionship of  viridans  to  other  species  in  the  genus,  Kirby  (1837) 


makes  no  mention  of  the  closely  related  affinis , which  was  described 
four  years  earlier.  Following  a careful  scrutiny  of  a large  series 
of  individuals  of  these  two  species,  the  writer  is  able  to  make  positive 
identification  only  on  the  basis  of  genitalia. 

Comparative  Notes. — The  species  viridans  is  usually  identified 
as  affinis  in  most  collections,  although  occasionally  it  is  confused 
with  other  species  which  have  already  been  discussed  under  com- 
parative notes  concerning  affinis.  The  distribution  of  viridans  is 
more  limited  than  that  of  affinis  and  is  only  coextensive  with  the 
latter  species  in  Illinois,  Indiana,  and  Michigan.  On  the  other  hand, 
affinis  is  widely  distributed  throughout  all  states  eastward  and  south- 
ward of  this  coexistent  boundary.  In  the  key  to  the  species  of 
T richiotinus , I have  used  the  best  external  character  available  to 
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distinguish  viridans  from  affinis,  namely,  presence  or  absence  of  cre- 
taceous markings  on  the  fifth  abdominal  sternite.  These  markings 
vary  from  well  developed  fascia,  which  are  usually  widely  separated 
medially,  to  a spot  hardly  perceptible  on  the  lateral  margin  of  the 
sternite.  A few  figures  on  the  occurrence  of  the  cretaceous  mark- 
ings will  show  that  they  are  not  invariable  within  each  of  the 
species.  Out  of  101  specimens  of  viridans  available  for  study,  98 
possessed  these  markings  and  three  lacked  them.  In  the  affinis 
series,  41  of  594  specimens  possessed  cretaceous  markings  on  the 
fifth  abdominal  sternite.  Since  positive  identification  cannot  be 
made  on  the  basis  of  these  markings,  an  examination  of  the  genitalia 
should  be  made.  The  male  and  female  genitalia  are  diagnostic  in 
both  species. 

Distribution. — Michigan,  Indiana,  Illinois,  Minnesota,  Iowa,  and 
Kansas.  (Fig.  6.) 


Specimens  Examined 

Illinois:  44  males,  9 females  (Oakwood,  Chicago,  Towanda, 
Quincy,  La  Grange,  Salts,  Peoria,  Muncie,  Lake  Forest).  Indiana: 
Female  (Marshall  County).  Iowa:  4 males,  female  (Ames). 
Kansas:  7 males,  4 females  (Osage  County).  Michigan:  6 males, 
8 females  (Agricultural  College,  Detroit).  Minnesota:  7 males,  4 
females  (Lake  City,  Rochester,  Stillwater,  La  Sueur  Center,  Fari- 
bault, Frontenac,  Chisago  County). 

7.  T richiotinus  lunulatus  (Fabricius) 

1775.  Trichius  lunulatus  Fabricius,  Syst.  Ent.,  p.  41. 
1775.  Trichius  viridulus  Fabricius,  Syst.  Ent.,  Appendix, 

p.  820. 

1787.  Trichius  lunulatus  Fabricius,  Mant.  Ins.  1:  26. 
1787.  Trichius  viridulus  Fabricius,  Mant.  Ins.  1 : 26. 
1789.  Cetonia  lumdata  Olivier,  Ent.  1 (6)  : 63;  pi.  10,  fig. 
88. 

1789.  Cetonia  viridula  Olivier,  Ent.  1 (6)  : 63;  pi.  9,  fig. 

86. 

1790.  Trichius  lunulatus  Gmelin,  Syst.  Ent.  Nat.  Ed.  13, 

1 (4)  : 1584. 

1790.  Trichius  virens  Gmelin,  Syst.  Ent.  Nat.  Ed.  13, 
1 (4)  : 1584. 

1790.  Cetonia  lumdata  Olivier,  Encycl.  Metli.  5:  429;  pi. 
161,  fig.  20. 

1790.  Cetonia  viridula  Olivier,  Encycl.  Meth.  5:  429;  pi. 
161,  fig.  19. 
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1790.  Trichius  lunulatus  Herbst,  Natursyst.  Ins.  Kaf.  3: 
191. 

1790.  Trichius  viridulus  Herbst,  Natursyst.  Ins.  Kaf.  3: 
191-192. 

1802.  Cetonia  lunulata  Olivier,  Ed.  Illiger  2 : 183. 

1802.  Cetonia  viridula  Olivier,  Ed.  Illiger  2 : 182-183. 

1803.  Cetonia  lunulata  Olivier,  Ed.  Sturm,  Kaf.  2 : 89 ; pi. 

87,  fig.  3. 

1803.  Cetonia  viridula  Olivier,  Ed.  Sturm,  Kaf.  2 : 88  ; pi. 
87,  fig.  2. 

1805.  Trichius  lunulatus  Illiger,  Mag.  Ins.  4:  70. 

1817.  Trichius  piger  Schonherr,  Syn.  Ins.  1 (3)  : 105-106 
(in  part). 

1817.  Trichius  viridulus  Schonherr,  Syn.  Ins.  1 (3)  : 106. 
1825.  Trichius  lunulatus  Serville,  Encycl.  Meth.  10 : 703. 
1827.  Trichius  viridulus  Kirby,  Zool.  Jour.  3 : 155. 

1833.  Trichius  lunulatus  Gory  & Percheron,  Mon.  Cet., 
pp.  48,  90;  pi.  10,  fig.  6. 

1833.  Trichius  viridulus  Gory  & Percheron,  Mon.  Cet., 
pp.  48,  94-95 ; pi.  11,  fig.  3. 

?1833.  Trichius  lunulatus  Hitchcock,  Rep.  Geol.  Miner. 

Bot.  & Zoo.  of  Mass.,  p.  575. 

1837.  Trichius  lunulatus  Dejean,  Cat.  Col.,  p.  187. 

1837.  Trichius  viridulus  Dejean,  Cat.  Col.,  p.  187. 

1839.  Cetonia  lunulata  Hope,  Mag.  Nat.  Hist.  3 : 172. 

1839.  Cetonia  viridula  Hope,  Mag.  Nat.  Hist.  3:  172,  175. 

1840.  Trichius  piger  Burmeister  & Schaum,  In  Germar’s 

Zeitschr.  Ent.  2:  413-414  (in  part;  var.  d and 
var.  f ) . 

1841.  Trichius  variabilis  Burmeister  & Schaum,  In  Ger- 

mar’s Zeitschr.  Ent,  3:  240-241  (var.  b and 
var.  c). 

1842.  Trichius  bibens  Burmeister,  Handb.  Ent.  3 : 755  (in 

part;  in  part  var.  b ; var.  c). 

1844.  Trichius  mutabilis  Schaum,  Ann.  Soc.  Ent,  France, 
second  series,  2:  400  (in  part). 

1849.  Trichius  mutabilis  Schaum,  Ann.  Soc.  Ent.  France, 
second  series,  7 : 293. 

1853.  Trichius  lunulatus  Melsheimer,  Cat.  U.  S.  Col.,  p. 

61. 

1863-1866.  Trichius  virididus  LeConte,  Smithson.  Miscl. 
Coll.  No.  140  : 41. 
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1869.  Trichius  viridulus  Gemminger  & Harold,  Cat.  Col. 
4:  1345. 

1873.  Trichius  viridulus  Crotch,  Check  List  Col.  Amer.,  p. 
58. 

1875.  Trichius  lunulatus  Summers,  Bull.  Buffalo  Soc.  Nat. 

Sci.  2 : 87-89. 

1876.  Trichius  viridulus  Horn,  Trans.  Amer.  Ent.  Soc.  5: 

194,  196-197. 

1878.  Trichius  viridulus  Schwarz,  Proc.  Amer.  Philos. 
Soc.  17 : 451. 

1885.  Trichius  viridulus  Henshaw,  Amer.  Ent.  Soc.,  p.  94. 
1896.  Trichius  viridulus  Schoch,  Lamellicornia  Melito- 
phila,  p.  86. 

1903.  Trichius  viridulus  Ulke,  Proc.  U.  S.  Nat.  Mus.  25 
(1275)  : 25. 

1903.  Trichius  viridulus  Hebard,  Ent.  News  14  (8)  : 261. 
1906.  Trichius  viridulus  Tucker,  Ent.  News  17 : 12. 

1906.  Trichius  virididus  Tucker,  Trans.  Kans.  Acad.  Sci. 
20  (1)  : 87. 

1909.  Trichius  virididus  Manee,  Ent.  News  20  (6)  : 254. 
1914.  Trichius  viridulus  semiviridis  Casey,  Mem.  Col.  5 : 
376. 

1914.  Trichius  carolinensis  Casey,  Mem.  Col.  5 : 376. 

1915.  Trichiotinus  lunulatus  Casey,  Mem.  Col.  6 : 390. 
1915.  Trichiotinus  viridulus  Casey,  Mem.  Col.  6 : 388-389. 
1915.  Trichiotinus  viridulus  semiviridis  Casey,  Mem.  Col. 

6:  389. 

1915.  Trichiotinus  viridulus  rasilicauda  Casey,  Mem.  Col. 
6 : 389-390. 

1915.  Trichiotinus  viridulus  rufiventris  Casey,  Mem.  Col. 
6 : 390. 

1918.  Trichius  viridulus  Dozier,  Ent.  News  29  : 334. 

1920.  Trichius  virididus  Dozier,  Ann.  Ent.  Soc.  Amer.  13 
(4)  : 366. 

1920.  Trichiotinus  lunulatus  Leng,  Cat.  Col.  of  Amer. 
North  of  Mex.,  p.  264. 

1920.  Trichiotinus  viridulus  Leng,  Cat.  Col.  of  Amer. 
North  of  Mex.,  p.  264. 

1920.  Trichiotinus  viridulus  semiviridis  Leng,  Cat.  Col. 

of  Amer.  North  of  Mex.,  p.  264. 

1920.  Trichiotinus  viridulus  rasilicauda  Leng,  Cat.  Col. 
of  Amer.  North  of  Mex.,  p.  264. 
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1920.  Trichiotinus  viridulus  rufiventris  Leng,  Cat.  Col.  of 

Amer.  North  of  Mex.,  p.  264. 

1922.  Trichiotinus  lunulatus  Schenkling,  Coleop.  Cat.,  p. 

24. 

1922.  Trichiotinus  viridulus  Schenkling,  Coleop.  Cat.,  p. 

25. 

1922.  Trichiotinus  semiviridis  Schenkling,  Coleop.  Cat., 

p.  25. 

1927.  Trichius  virididus  Engelhardt,  Bull.  Brooklyn  Ent. 

Soc.  22 : 252. 

1930.  Trichiotinus  lunulatus  Blatchley,  Florida  Ent.  14: 

35. 

1930.  Trichiotinus  viridulus  Blatchley,  Florida  Ent.  14 : 
35. 

1930.  Trichiotinus  virididus  semiviridis,  Florida  Ent.  14 : 

35. 

1931.  Trichiotinus  virididus  Staig,  Fab.  Types  in  Hun- 

terian Coll,  at  Glasgow  Univ.,  pp.  99-100. 

Male. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  7.5  mm.  to  11.4  mm. ; greatest  width  of  elytra 
4.6  mm.  to  6.6  mm. 

Vertex,  front,  and  clypeus  metallic  green  or  dark  blue, 
iridescent,  rather  finely  and  densely  punctate  except  for  broad 
V-shaped  callous  on  vertex;  clypeus  transverse,  distal  half  to 
apex  broadly  rounded,  apex  deeply  sinuate,  slightly  reflexed. 

Pronotum  brilliant  metallic  green  or  dark  blue,  often  vio- 
laceous ; convex,  slightly  broader  than  long,  apical  third  feebly 
or  distinctly  oblique  to  apex;  cretaceous  spots  absent;  coarse 
punctation  moderately  dense,  sometimes  confluent  on  anterior 
half ; cinereous  pubescence  moderately  dense,  tomentose  on 
postero-lateral  angles.  Scutellum  triangular;  narrow  smooth 
margin,  punctation  fine  and  dense;  clothed  with  long  dense 
cinereous  hairs. 

Elytra  subquadrate,  transverse,  declivous  sides;  brilliant 
metallic  green  or  dark  blue,  often  violaceous,  the  disk  of  each 
elytron  occasionally  red  or  testaceous,  glistening ; intervals 
sparsely  and  coarsely  punctate ; transverse  cretaceous  fascia  on 
declivity  usually  present  though  often  reduced,  short  cretaceous 
marking  on  first  interval  below  scutellum;  declivity  coarsely 
punctate,  somewhat  rugose,  shining. 

Pygidium  convex,  brilliant  metallic  green  or  dark  blue; 
elongate  cretaceous  and  tomentose  areas  laterally,  often  cres- 
cent-shaped, united  or  narrowly  separated  at  base;  crenulate; 
pubescence  cinereous. 
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Venter  of  thorax  glossy  green  or  dark  blue,  clothed  with 
long  cinereous  hairs,  hirsute ; cretaceous  spots  either  present  or 
absent  on  metasternum,  mesopleura,  metapleura,  and  coxae. 
Cretaceous  fascia  on  second,  third,  fourth,  and  fifth  abdominal 
sternites  either  entire,  interrupted,  or  completely  absent.  Fore 
tibia  bidentate,  tibial  spur  present. 

The  characteristic  male  claspers  are  shown  on  Plate  XVII, 
fig.  10.  Dissection  of  a large  series  of  males  of  this  species 
revealed  that  the  genitalia  are  invariable. 

Female. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  7.8  mm.  to  11.5  mm. ; greatest  width  of  elytra 
4.6  mm.  to  6.5  mm. 

Pronotum  similar  to  male ; cretaceous  areas  on  antero-lateral 
and  postero-lateral  angles.  Pygidium  less  convex  than  in  male, 
flattened  subapically,  margin  near  apex  sinuate,  apex  truncate. 
Female  genitalia  as  shown  on  Plate  XVII,  fig.  11. 

Type. — Neotype,  a male,  South  Carolina  (Melinchamp),  depos- 
ited in  the  United  States  National  Museum.  Mr.  Arrow  of  the 
British  Museum  of  Natural  History  could  not  locate  the  type  of 
Trichius  lunulatus  Fabricius.  It  is  his  belief  that  the  type  speci- 
men was  lost  many  years  ago.  Staig  (1931)  was  unable  to  locate 
the  type  of  Trichius  viridulus  Fabricius  in  the  Hunterian  Collection 
at  Glasgow  University,  and  doubtless  it  also  is  lost.  A careful  study 
of  a large  series  of  specimens  of  lunulatus  revealed  many  beautiful 
color  variations.  Specimens  similar  in  color  were  neither  geo- 
graphically delimited  nor  correlated  sufficiently  with  invariable 
morphological  characters  so  as  to  permit  specific  separation.  The 
uniformity  in  character  of  the  male  and  female  genitalia  indicates 
that  only  one  species  is  involved.  Thus,  Trichius  viridulus  must  be 
considered  a synonym  of  lunulatus. 

Casey  (1914)  described  Trichius  carolinensis  from  a male  speci- 
men taken  by  A.  H.  Manee  on  June  7,  1910,  at  Southern  Pines,  North 
Carolina.  The  type  is  located  in  the  United  States  National  Mu- 
seum under  Catalogue  No.  48723.  A year  later,  however,  Casey 
(1915)  regarded  carolinensis  as  a synonym  of  lumdatus  Fabricius. 
I have  seen  the  type  of  this  species  and  agree  with  the  above  dispo- 
sition. In  1914  and  1915,  Casey  described  three  subspecies  of 
Trichiotinus  virididus;  namely,  semiviridis,  rasilicauda,  and  rufi- 
ventris.  The  writer  has  critically  studied  the  types  of  these  species, 
located  in  the  United  States  National  Museum,  and  considers  them 
to  represent  only  color  variations  of  lunulatus.  Since  it  is  impos- 
sible to  separate  these  variants  on  the  basis  of  color,  and,  since  they 
are  not  delimited  geographically,  they  must  be  suppressed  as  syno- 
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nyms.  Data  on  the  type  series  of  semiviridis  Casey  are  as  follows : 
Type,  female,  U.  S.  N.  M.,  Catalogue  No.  48724,  Marion  County, 
Florida;  male,  Gotha,  Florida  (A.  Nemecke).  The  types  of  rasili- 
cauda  Casey  bear  the  following  data : Type,  male,  U.  S.  N.  M.,  Cata- 
logue No.  48725,  Mobile,  Alabama,  May  23,  1907  (H.  P.  Loding)  ; 
Paratype,  female,  U.  S.  N.  M.,  Catalogue  No.  48725,  Florida.  Data 
on  the  type  of  rufiventris  Casey  as  here  stated : Type,  male,  U.  S. 
N.  M.,  Catalogue  No.  48726,  Southern  Pines,  North  Carolina,  June, 
1906  (A.  H.  Manee). 

Comparative  Notes. — The  absence  of  an  opaque  area  on  the 
declivity  of  each  elytron  readily  separates  lunulatus  from  all  other 
members  of  this  genus  except  bibens  (Fabricius).  This  species  may 
be  distinguished  from  bibens  by  the  broad,  Y-shaped,  sparsely  punc- 
tate callus  usually  present  on  the  vertex,  the  presence  of  reduced 
transverse  cretaceous  fascia  on  elytra,  the  almost  bald  pygidium. 
and  the  specificity  of  the  genitalia. 

Distribution. — Virginia,  North  Carolina,  South  Carolina,  Geor- 
gia, Florida,  Alabama,  Mississippi,  Louisiana,  and  Texas.  (Fig.  7). 


Fig.  7.- — Distribution  of  Trichiotinus  lunulatus  (Fabricius). 


Specimens  Examined 

Alabama:  19  males,  11  females  (Mobile,  Spring  Hill).  Florida: 
77  males,  42  females  (Gainesville,  La  Belle,  Kissimmee,  South  Bay, 
Lake  Okeechobee,  Brighton,  Miami,  Allen  River  to  Deep  Lake,  May- 
port,  Marco,  Ormond,  Pahokee,  Flamingo,  Saint  Augustine,  Fort 
Lauderdale,  Manatee,  Crescent  City,  Enterprise,  Paradise  Key, 
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Orange  County,  Indian  River,  Tampa,  Hillsboro  County,  Port 
Myers,  Polk  County,  Chokoloskee,  De  Funiak  Springs).  Georgia: 
4 males,  3 females  (Billy’s  Island,  Okefenokee  Swamp,  Claxton, 
Thomasville,  Worth  County).  Louisiana:  4 males,  3 females 
(Shriever,  Terrebonne  County,  Logansport,  Covington).  Missis- 
sippi: 2 males,  7 females  (Lncedale,  Biloxi,  Picayune,  Waveland, 
Tylertown,  Agricultural  College).  North  Carolina:  4 males,  2 
females  (Hot  Springs,  Hartford  County,  Wilmington).  South 
Carolina:  7 males,  3 females  (Florence,  Meredith,  Blulfton).  Texas: 
35  males,  21  females  (Colorado  County,  Calvert,  Fedor,  College 
Station,  Harris  County,  Dallas).  Virginia:  2 males  (Virginia 
Beach,  Boykins). 

8.  Trichiotinus  bihens  (Fabricius) 

1775.  Trichius  bibens  Fabricius,  Syst.  Ent.,  p.  40. 

1787.  Trichius  bibens  Fabricius,  Mant.  Ins.  1:  26. 

1789.  Cetonia  bidens  Olivier,  Ent.  1 (6)  : 62;  pi.  10,  fig. 

87. 

1790.  Cetonia  bidens  Olivier,  Encycl.  Meth.  5:  428;  pi. 

161,  fig.  18. 

1790.  Melolontha  bibens  Herbst,  Natursyst.  Ins.  Kaf.  3: 
182. 

1790.  Trichius  bibens  Gmelin,  Syst.  Nat.  Ed.  13,  1 (4)  : 
1584. 

1802.  Cetonia  bidens  Olivier,  Ed.  Illiger  2 : 182. 

1803.  Cetonia  bidens  Olivier,  Ed.  Sturm,  Kaf.  2 : 88 ; pi. 

87,  fig.  1. 

1805.  Trichius  bidens  Illiger,  Mag.  Ins.  4:70. 

1817.  Trichius  bibens  Schonherr,  Syn.  Ins.  1 (3)  : 105. 
1825.  Trichius  bibens  Serville,  Encycl.  Meth.  10 : 703. 
1833.  Trichius  bibens  Gory  & Percheron,  Mon.  Cet.,  pp.  48, 
93-94;  pi.  11,  fig.  2. 

1837.  Trichius  bibens  Dejean,  Cat.  Col.,  p.  187. 

1839.  Cetonia  bidens  Hope,  Mag.  Nat.  Hist.  3 : 172. 

1840.  Trichius  bidens  Burmeister  & Schaum,  In  Germar’s 

Zeitschr.  Ent.  2 : 414. 

1842.  Trichius  bibens  Burmeister,  Handb.  Ent.  3:  755  (in 
part;  var.  a). 

1844.  Trichius  bidens  Schaum,  Ann.  Soc.  Ent.  France,  sec- 
ond series,  2 : 400. 

1849.  Trichius  bibens  Schaum,  Ann.  Soc.  Ent.  France,  sec- 
ond series,  7 : 292-293. 
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1853.  Trickius  bibens  Melsheimer,  Cat.  U.  S.  Col.,  p.  61. 
1863-1866.  Trickius  bibens  LeConte,  Smithson.  Miscl.  Coll. 
No.  140:  41. 

1868.  Trickius  bibens  Horn,  Trans.  Amer.  Ent.  Soc.  2 : 124. 

1869.  Trickius  bibens  Gemminger  & Harold,  Cat.  Col.  4: 

1344. 

1873.  Trickius  bibens  Crotch,  Check  List  Col.  Amer.,  p.  58. 
1876.  Trickius  bibens  Horn,  Trans.  Amer.  Ent.  Soc.  5: 
194-197. 

?1878.  Trickius  viridulus  Hubbard  & Schwarz,  Trans. 
Amer.  Philos.  Soc.  17 : 655. 

1881.  Trickius  bibens  Zesch,  Bull.  Buffalo  Soc.  Nat.  Sci. 
4:  8. 

1885.  Trickius  bibens  Henshaw,  Amer.  Ent.  Soc.,  p.  94. 

1895.  Trickius  bibens  Hamilton,  Trans.  Amer.  Ent.  Soc. 

22:  337,  367. 

1896.  Trickius  bibens  Schoch,  Lamellicornia  Melitophila, 

p.  86. 

1902.  Trickius  bibens  Dury,  Jour.  Cincinnati  Soc.  20  : 157. 

1902.  Trickius  bibens  Bubna,  Ohio  Nat.  2 (4)  : 195. 

1903.  Trickius  bibens  Ulke,  Proc.  U.  S.  Nat.  Mus.  25 

(1275) : 25. 

?1903.  Trickius  viridulus  Young,  N.  Y.  State  Mus.  Bull. 
64:158. 

1903.  Trickius  bibens  Beaulieu,  Le  Nat.  Canad.  30  : 126. 
1910.  Trickius  bibens  Blatchley,  Col.  of  Indiana,  pp.  1003- 
1004. 

1910.  Trickius  bibens  Morse,  Ann.  Rept.  New  Jersey  State 
Mus.  for  1909,  p.  322. 

1910.  Trickius  bibens  Leng,  Jour.  N.  Y.  Ent.  Soc.  18  (2)  : 

77. 

1915.  Trickiotinus  bibens  Casey,  Mem.  Col.  6 : 388. 

1918.  Trickius  bibens  Lutz,  Field  Book  of  Insects,  p,  335 
1920.  Trickiotinus  bibens  Leng,  Cat.  Col.  of  Amer.  North 
of  Mex.,  p.  264. 

1922.  Trickiotinus  bibens  Schenkling,  Coleop.  Cat.,  p.  24. 

1926.  Trickiotinus  bibens  Leonard,  Cornell  Univ.  Agri. 

Expt.  Station  Mem.  101 : 430. 

1927.  Trickius  bibens  Engelharclt,  Bull.  Brooklyn  Ent. 

Soc.  22 : 252. 

1928.  Trickiotinus  bibens  Blatchley,  Canad.  Ent.  60  (3)  : 

70. 
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1930.  Trichiotinus  bibens  Blatchley,  Florida  Ent.  14:  34. 

1931.  Trichiotinus  bibens  Staig,  Fab.  Types  in  Hunterian 

Coll,  at  Glasgow  Univ.,  pp.  98-99. 

1934.  Trichiotinus  bibens  Cartwright,  Ent.  News  45  (10)  : 
269. 

Male. — Median  length  from  anterior  edge  of  pronotum  to 
apex  of  pygidium  9.4  mm.  to  12.3  mm. ; greatest  width  of  elytra 
5.3  mm.  to  6.9  mm. 

Vertex,  front,  and  clypeus  bright  metallic  green,  densely 
but  rather  coarsely  punctate ; clypeus  transverse,  distal  half  to 
apex  broadly  rounded,  apex  deeply  sinuate,  rather  strongly 
reflexed. 

Pronotum  bright  metallic  green,  convex,  transverse,  apical 
third  feebly  oblique  to  apex ; cretaceous  spots  absent ; coarsely 
and  densely  punctate  except  on  disk,  sparsely  punctate  on  disk ; 
dense  pubescence  cinereous  or  yellowish,  tomentose  on  postero- 
lateral angles.  Scutellum  green ; triangular,  outer  margin 
smooth ; densely  and  coarsely  punctate,  densely  pubescent. 

Elytra  subquadrate,  transverse,  declivous  sides;  brilliant 
metallic  green  or  rufo-testaceous  with  aeneous  luster,  sometimes 
intermixed;  third  and  fifth  intervals  feebly  raised,  sparsely 
punctate,  second  and  fourth  intervals  flattened,  densely  and 
finely  punctate ; no  trace  of  transverse  fascia  on  declivity,  short 
cretaceous  marking  on  first  interval  below  scutellum  absent; 
declivity  coarsely  but  densely  punctate,  occasionally  rugose, 
shiny. 

Pygidium  convex,  transverse,  brilliant  metallic  green  except 
for  the  somewhat  inconspicuous  elongate  cretaceous  and  tomen- 
tose areas  laterally ; minutely  crenulate ; dense  cinereous  pu- 
bescence. 

Venter  of  thorax  metallic  green,  clothed  with  long  cinereous 
or  yellowish  hairs;  cretaceous  spots  absent.  Abdomen  bright 
metallic  green,  cretaceous  fascia  on  fifth  sternite  widely  sepa- 
rated medially  or  absent.  Legs  green  or  rufo-testaceous  or 
intermixed,  fore  tibia  bidentate,  tibial  spur  present. 

Male  genitalia  illustrated  on  Plate  XVI,  fig.  6.  The  claspers 
differ  greatly  from  those  of  any  other  members  of  the  genus. 

Female. — Median  length  from  anterior  edge  of  pronotum 
to  apex  of  pygidium  9.9  mm.  to  12  mm. ; greatest  width  of  elytra 
6 mm.  to  6.9  mm. 

Pygidium  less  strongly  convex  than  in  male ; sides  sinuate, 
apex  truncate;  prominent  subapical  concavity.  Cretaceous 
spots  may  or  may  not  be  present  on  mesopleura,  metapleura,  and 
coxae.  The  diagnostic  nature  of  the  female  genitalia  are  shown 
on  Plate  XVI,  fig.  3. 
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Type. — According  to  Fabricius  (1775),  the  type  of  Trichius 
bibens  Fab.  is  in  the  Mus.  Dom.  Tunstall.  Inasmuch  as  this  species 
is  well  described  in  early  papers,  and  since  it  has  not  been  generally 
confused  with  other  members  of  the  genus,  the  writer  has  made  no 
attempt  to  have  specimens  compared  with  the  type. 

Comparative  Notes. — Except  for  the  bright  metallic  green  speci- 
mens, bibens  is  unlike  other  species  of  the  genus  in  color.  The  en- 
tirely green  specimens,  which  were  recognized  for  the  first  time  in 
this  study,  might  be  superficially  confused  with  similarly  colored 
individuals  of  lunulatus.  The  densely  pubescent  pygidium  and 
the  absence  of  transverse  cretaceous  fascia  on  the  elytra  readily 
distinguish  this  species  from  lunulatus.  Both  the  male  and  the 
female  genitalia  of  this  species  are  diagnostic. 

Distribution. — -New  York,  Pennsylvania,  Maryland,  West  Vir- 
ginia, Virginia,  Tennessee,  North  Carolina,  South  Carolina,  Georgia, 
Michigan,  Ohio,  Indiana,  and  Illinois.  (Fig.  8.) 


Specimens  Examined 

Alabama:  4 males,  2 females  (Nat.  Forest,  Winston  County). 
Georgia:  2 males,  2 females  (Rabun  County,  Stone  Mountain,  At- 
lanta). Illinois:  Male  (Central  Illinois).  Indiana:  4 males,  3 
females  (State  Forest,  Clark  County,  Warren  County,  Stilesville) . 
Maryland:  Male,  3 females  (Beltsville) . Michigan:  7 males  (Michi- 
gan Agricultural  College,  Grand  Ledge,  Detroit).  New  York:  5 
males,  2 females  (Tuxedo,  Suffern.)  North  Carolina:  Male,  4 
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females  (Hot  Springs,  Asheville).  Ohio:  Female  (Athens).  Penn- 
sylvania: 28  males,  18  females  (Harrisburg,  Lopez,  Sullivan  County, 
Perdix,  Charter  Oak,  Marysville,  Carlisle  Junction,  Weaver,  Pitts- 
burgh, Mount  Alton,  Clark’s  Valley,  Dauphin  County,  New  Bloom- 
field, Jeannette,  Inglenook,  Latrobe).  South  Carolina:  9 males, 
5 females  (Earls  Ford,  Oconee  County,  Pickens,  Clemson  College, 
Jocassee,  Rocky  Bottom).  Tennessee:  Female  (Rock  Creek,  Unicoi 
County).  Virginia:  3 males,  4 females  (Campbell  County,  Nelson 
County,  Great  Falls).  West  Virginia:  2 males,  female. 

METHODS  FOR  EXTRACTING  INTERNAL 
GENITALIA 

Since  a number  of  entomologists  have  requested  information  of 
the  writer  regarding  methods  of  extracting  scarabaeid  genitalia,  it 
seems  desirable  to  record  here  a few  notes  on  the  subject.  Some  of 
the  methods  mentioned  below  were  devised  by  Dr.  R.  W.  Dawson 
who  has  made  many  excellent  dissections  in  the  genus  Serica. 

It  should  be  the  aim  of  all  workers  using  the  genitalia  of  Coleop- 
tera  for  classification  to  develop  a good  technique  of  extraction. 
Otherwise,  type  specimens  and  specimens  borrowed  from  institu- 
tional collections  and  private  collectors  may  become  practically 
valueless.  Many  workers  make  a practice  of  extracting  the  geni- 
talia of  unrelaxed  beetles,  and  as  a consequence,  legs  are  broken, 
the  abdomen  becomes  loosened  from  the  body,  the  pygidial  segment 
is  inevitably  broken  into  many  parts,  and  excellent  characters  on  the 
genitalia  are  often  destroyed. 

When  removing  the  insect  pin  from  a specimen  which  has  been 
relaxed,  it  is  advisable  to  revolve  the  pin,  thus  guarding  against 
breakage  should  it  chance  to  adhere  tightly  to  the  body  of  the  beetle. 
A small  piece  of  newspaper  (one  inch  by  one-half  inch)  is  folded  in 
the  middle,  and  the  pin  bearing  the  specimen  is  pushed  through  the 
crease  until  flush  with  it.  The  two  loose  ends  of  the  paper  are  held 
about  the  beetle  to  prevent  rubbing  while  removing  the  pin.  After 
the  beetle  is  freed  from  the  pin,  it  is  held  in  the  folded  piece  of  paper 
under  a binocular  preparatory  to  dissection.  In  male  specimens  it 
is  advantageous  to  slit  the  membrane  surrounding  the  armature 
prior  to  removal,  while  in  females  the  dorsal  plates  should  be 
loosened  from  the  pygidium  before  eversion.  If  the  beetles  are 
relaxed  properly  (usually  48  hours)  in  a container  supplied  with 
water,  it  is  relatively  easy  to  insert  a hook  and  extract  the  genitalia. 
A relaxing  fluid  consisting  of  equal  parts  of  distilled  water,  95% 
alcohol  and  ethyl  acetate,  which  works  very  well  for  many  insects, 
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tends  to  cause  beetles  of  this  genus  to  become  brittle  and  to  break 
apart  when  handled.  The  size  of  the  hook  used  for  extraction 
should  vary  according  to  the  size  of  the  beetles  being  studied.  A 
No.  1 insect  pin  is  forced  through  a small  piece  of  cork  which  serves 
as  a handle.  This  insect  pin  with  the  point  recurved  to  form  a 
hook  is  then  used  to  make  all  Trichiotinus  extractions.  While  re- 
moving the  male  armature  care  should  be  taken  to  avoid  breaking 
off  the  distal  end  of  the  claspers.  In  female  specimens  much  care 
should  be  taken  to  prevent  distortion  when  everting  the  genitalia, 
because  the  entire  structure  is  soft  and  pliable  in  well-relaxed  indi- 
viduals. For  identification  purposes  the  genitalia  of  the  female  are 
merely  everted.  If  the  genital  armature  is  to  be  figured,  it  is  de- 
sirable to  sever  the  membrane  below  the  basal  sclerotized  portion  by 
means  of  a small  pair  of  scissors,  and  to  mount  it  on  a paper  point 
directly  beneath  the  specimen.  If  the  abdomen  of  the  male  is 
accidentally  broken  off  during  some  part  of  the  dissection,  it  is  often 
advantageous  to  remove  the  armature  through  the  wide  opening  at 
the  anterior  end. 

In  remounting  dissected  specimens,  it  is  advisable  to  use  a larger 
sized  pin  than  the  one  removed.  At  thin  film  of  lacquer  (“duco”) 
is  applied  on  the  pin  slightly  below  the  final  resting  position  of  the 
beetle  to  insure  its  stability  after  repinning.  Two  coats  of  lacquer 
applied  to  the  paper  point,  one  applied  before  the  armature  is  pre- 
pared for  mounting,  and  another  at  the  time  of  mounting,  will  hold 
the  genitalia  firmly  in  place. 
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EXPLANATION  OF  PLATES 

All  drawings  were  made  by  the  author  (x  21) . A dorsal  view  of  the 
male  claspers  and  a ventral  view  of  the  female  genitalia  are 
shown  for  each  species. 


Plate  XVI 

Fig.  1.  Trichiotinus  piger  (Fabricius).  Female  genitalia. 

2.  Trichiotinus  ru fob runneus  (Casey) . Female  genitalia. 

3.  Trichiotinus  bibens  (Fabricius) . Female  genitalia. 

4.  Trichiotinus  piger  (Fabricius) . Male  claspers. 

5.  Trichiotinus  rufob runneus  ( Casey).  Male  claspers. 

6.  Trichiotinus  bibens  (Fabricius) . Male  claspers. 

7.  Trichiotinus  piger  (Fabricius) . Male  claspers. 

8.  Trichiotinus  piger  (Fabricius).  Male  claspers. 

9.  Trichiotinus  piger  (Fabricius).  Male  claspers. 
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Plate  XVII 

Pig.  10.  Trichiotinus  lunulatus  (Fabricius).  Male  claspers. 

11.  Trichiotinus  lunulatus  (Fabricius) . Female  genitalia. 

12.  Trichiotinus  assimilis  (Kirby) . Female  genitalia. 

13.  Trichiotinus  assimilis  (Kirby) . Male  claspers. 

14.  Trichiotinus  viridans  (Kirby).  Male  claspers. 

15.  Trichiotinus  viridans  (Kirby) . Female  genitalia. 

16.  Trichiotinus  affinis  (Gory  & Perclieron).  Male  claspers. 

17.  Trichiotinus  t exanus  (Horn) . Male  claspers. 

18.  Trichiotinus  affinis  (Gory  & Perclieron) . Female  genitalia. 

19.  Trichiotinus  texanus  (Horn) . Female  genitalia. 

20.  Trichiotinus  texanus  (Horn) . Male  claspers. 


208 


ENTOMOLOGICA  AMERICANA 


Vol.  XV,  (n.  s.),  No.  4,  PL  XVII 


15  viridans 


1 8 affinis 


ENTOMOLOGICA  AMERICANA 


Index  to  Yol.  XV  (n.s.),  1935. 

Valid  genera  and  species  in  Roman  type;  new  genera  and  species 
in  bold  face  type ; synonyms  in  Italics ; # indicates  plants ; t other 
animals. 


#Acer  spicatum,  139 

* Achillea  millefolium,  137,  139 
Ampnlex,  97 

* Anemone  canadensis,  148 
Aneretns,  96 

*Anogra  pallida,  137 
*Apocynum,  137,  140 

* androsaemifolium,  148 

* cannabinum,  137 
*Aruncus  Sylvester,  137,  139 
#Asclepias,  140 

* incarnata,  137 

* latifolia,  137 

* sullivanti,  137 

* syriaca,  137 

* verticillata,  137 

*Betula  populifolia,  138 
*Blephila  ciliata,  137,  139 

*Callirhoe  alcaeoides,  138 
*Carduus,  137,  138 
*Castanea  dentata,  138 

* pumila,  138 
*Ceanothus,  137,  140 

* americanus,  137,  139,  140 
Cecidomyia  resinicoloides,  69 
^Cephalanthus  occidentalis,  137 
Ceropachys,  111 

manni,  101,  108 
Cetonia,  152 
bidens , 188 
lunulata,  182,  183 
pigra,  154 
viridula,  182,  183 


^Chrysanthemum  leucanthe- 
mum,  139 

^Cirsium  altissimum,  137 

* arvense,  137 
Coeloides,  71 

dendroctoni,  78,  79,  80 
^Convolvulus  repens,  137 
•Comus,  138,  140 

* alternifolia,  137,  139 

* paniculata,  137,  139,  140 

*Daucus  carota,  137,  139 
Dendroctonus.  monticola,  60-91 
Dolichoderus,  107 
bidens,  106,  109 
Dorylus,  111,  112 
helvolus,  102,  108 

*Erigeron  annuus,  137 

* philadelphicus,  137,  148 
^Eryngium  yuccifolium,  137 
Epistrophe  abruptus,  4,  30 

albipunctatus,  7,  8,  45,  49 
annulatus,  17 
arctica,  6,  8,  41,  42 
bimaculata,  6,  34,  35,  37 
cherokeenensis,  7,  8,  41,  47,  49 
cinctellus,  3,  13,  15 
cinctus,  3,  14,  16 
columbiae,  5,  7,  31,  32,  42 
compositarum,  7,  8,  45 
conjugens,  1 

conjunctus,  4,  17,  19,  20,  36 
currani,  4,  29 
diversifasciatus,  2,  3,  15 


211 


ENTOMOLOGICA  AMERICANA 


Vol.  XV  (n.  s.) 


diversipunctatus,  7,  8,  44,  45, 
46 

fisherii,  7,  44 
garretti,  5,  28,  32 
geniculatus,  6,  7,  8,  42 
genualis,  4,  22,  23,  24 
gracilis,  6,  33 
grossulariae,  1,  2,  8,  9 
var.  melanis,  2,  8 
guttata,  6,  38 
hunteri,  3,  11 
imperialis,  3,  12 
insolitus,  1,  3,  20 
isolitus,  3 
johnsoni,  4,  23 
lineola,  3,  17 
macularis,  5,  28,  29 
mallochi,  5,  25,  26 
mediaconstrictus,  6,  31,  34,  36 
melanderi,  4,  17,  18 
mentalis,  6,  28,  31,  32,  34,  35 
monachus,  4,  26 
nigrifacies,  1,  5,  29,  30 
nigropilosa,  4,  5,  26 
nitidicollis,  3,  11 
nudifrons,  8,  34 
oronoensis,  6,  40 
pullulus,  7,  8,  45,  46,  47,  49 
quinquelimbatus,  4,  19 
rectoides,  3,  4,  18,  19,  20 
rematus,  7,  42,  47 
semiinterruptus,  4,  21 
sexquadratus,  47,  51 
sodalis,  5,  13,  25,  26 
sodalis  var.  interruptus,  26 
subfasciatus,  6,  37 
submarginalis,  3,  10,  11,  12 
tarsatus,  5,  24,  25,  26 
tenuis,  6,  39 
terminalis,  2,  9 
triangulifer,  6,  40 
umbellatarum,  7,  8,  42,  43,  45, 
46,  49 

vittafacies,  5,  6,  26,  29 
vittiger,  17 
xanthostoma,  3,  9 


xanthostomus,  9 

(Ischyrosyrpbus)  laternarius,  51 
tricolor,  51 
velutinus,  50,  51 
xylotoides,  50,  51 

Forcipomyia,  61 
Formica,  94 
exectoides,  109 
sanguinea,  107 

#Geranium,  138 

^Heracleum  lanatum,  137,  139 
*Houstonia  purpurea,  137 

Ips,  61 

cembrae,  62 
curvidens,  61 
typographus,  61 
#Iris  versicolor,  137,  140,  148 
Ischyrosyrplius,  2,  49  (see  also 
under  Epistrophe) 

Lasiotrichius,  152 
succinctus,  152 
Lasius  flavus,  95 
Leptanilla,  109 

Manica  rubida,  105,  108 
Medetera  aldrichii,  59-91 
ambiguus,  60 
excellans,  62 
nigripes,  61 
obscurus,  61 
pallipes,  61 

signaticornis,  61,  62,  74 
tristis,  60 
Melanostoma,  1,  2 
cherokeensis,  41 
glacialis,  41,  52 
#Melanthium  virginicum,  137 
*Melilotus  alba,  137 
Melolontha,  152 
bibens,  188 
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Metasyrphus,  1,  2,  52 
emarginatus,  2 
Miastor,  61 

Myrmecia  sanguinea,  107 
Myrmica  rubra,  95 

*Opuntia,  138 

*Paeonia,  140 
Paltotyreus  tarsatus,  96 
Paraponera,  97,  101,  102,  104, 
105,  106,  110 
clavata,  96,  97,  109 
*Parthenium  integrifolium,  137 
^Pastinaca  sativa,  137 
Pelidnota  punctata,  150 
*Pentstemon  laevigatus,  137 
Pheidologeton,  112 
^Philadelphus  coronarius,  140 
Pissodes  strobi,  62 
Polistes,  97 

Polygraphus  rufipennis,  61 
#Populus  grandidentata,  138 
Pseudomyrma,  105,  111 
damnosa,  103,  108 
^Pycnanthemum  flexuosum,  137, 
139 

'“'Quercus  alba,  138 

* velutina,  138 

Rhagoletis  pomonella,  64 
#Rhus,  137 
Rosa,  140,  141 
setigera,  137 
*Rubus,  139 

* villosus,  137 

^Sambucus  canadensis,  139 
Scaeva  cincta,  14 
cinctella,  13 
guttata,  38 
lineola,  17 
tarsatus,  24 
triangulifera,  40 
Serica,  192 


*Smilacina  racemosa,  139 
5X<Solidago  canadensis,  137 
^Sorbaria  sorbifolia,  140 
^Spiraea,  137,  139 

* latifolia,  138,  139 

* salicifolia,  137,  139 
Stenosyrphus,  1 (see  also  Syr- 

phus) 

interruptus,  26 

Streblagnathus  aethiopicus,  96 
#Syringa  vulgaris,  140 
Syrphus,  1,  2 (see  also  under 
Epistrophe) 
adolescens,  24 
dry  anti,  24 
contumax,  24,  25 
diver  sipes,  13 
flavifrons,  38 
flavosignatus,  31 
grossulariae,  1 
var.  melanis,  8 
habilis,  38 
lesuerii,  8 
oronoensis,  40 
rubripleuralis,  15 
transversalis,  31 
(Epistrophe)  maculifrons,  51 
sexmaculata,  51 
sexquadratus,  51 

*Thalictrum  polyganum,  138 
f Trichina,  152 
Trichini,  151,  152 
Trichinus,  152 
Trichiotinus,  pp.  133-209 
affinis,  138,  139,  154,  170,  171, 
173,  175-177,  180-182 
affinis,  162,  178 
assimilis,  138,  148-150,  153, 
168-171,  178 
bibens,  140,  153,  187-190 
intermedins,  165,  166,  167 
lunulatus,  153,  182,  184,  185, 
187,  191 

obesulus,  162,  164 
parvulus,  175-178 
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piger,  134,  136,  138,  140-152, 
144-147,  149,  152-154, 
156-160,  163-167,  170, 
171,  178 

var.  drummond,  157 
rotundicollis,  157 
reductus,  156,  157,  159 
rufobrunneus,  138,  153,  159, 
162,  164,  166,  167 
texanus,  138,  153,  159,  164- 
167 

texanus , 157 

monticola,  165-167 
ventricosus,  175,  177,  178 
viridans,  139,  144,  154,  170, 
171,  178,  180-182 
viridans,  176 
viridulus,  140,  184,  185 
rasilicauda,  184 
rufiventris,  185 
semiviridis,  184,  185 
Trickius,  152,  153  (see  also  Tri- 
chiotiiras ) 
affinis,  173-176 
affinis,  168,  169,  180 
bibens,  188,  189 
Ubens,  168,  173,  180,  183 
Widens,  188 
histriga,  168,  170 
carolinensis,  184,  186 
drummond,  153 


lunulatus,  182-184,  186 
lunulatus,  154 
obesulus,  162 
mutabilis,  173,  183 
piger,  153-155,  159 
piger,  162,  173,  180,  183 
rufobrunneus,  162 
texanus,  165 

variabilis,  168,  173,  180,  183 

(Trichinus)  assimilis,  153,  154, 
159,  168,  169 
rotundicollis,  154,  155 
viridans,  180 

viridulus,  182-184,  186,  189 
rasilicauda,  184,  186,  187 
rufiventris,  184,  186,  187 
semiviridis,  184,  186,  187 

Trigonopeltastes,  153 

*Verbesina  belianthoides,  137 

^Viburnum,  137,  138 
cassinoides,  139 

* dentatum,  139 

* nudum,  137 

* pubescens,  140 

Xanthogramma  tenuis,  39 

Xiphidyra,  97 

>::<Zizia  aurea,  148 
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A REVIEW  OF  THE  GENUS  CYRTOPOGON  LOEW  IN 
NORTH  AMERICA  (DIPTERA-ASILIDAE) 

By  J.  Wilcox 

ASSOCIATE  ENTOMOLOGIST,  AND 

C.  H.  Martin 

FORMERLY  ASSISTANT  ENTOMOLOGIST,  DIVISION  OF  TRUCK  CROP  AND 
GARDEN  INSECT  INVESTIGATIONS,  BUREAU  OF  ENTOMOLOGY 
AND  PLANT  QUARANTINE,  UNITED  STATES 
DEPARTMENT  OF  AGRICULTURE 

In  the  present  paper  on  the  genus  Cyrtopogon  Loew,  16  species 
and  2 subspecies  are  described  as  new,  and  a key  to  the  known  North 
American  species  is  given.  The  rapid  increase  in  our  knowledge 
of  this  genus  in  recent  years,  through  the  description  of  numerous 
species  by  Cole,  Curran,  Melander,  and  Bromley,  has  made  this  revi- 
sion desirable.  To  illustrate  this  development,  of  the  35  species  in 
Back’s  monograph  of  1909,  6 have  been  transferred  to  other  genera 
and  2 are  now  considered  synonyms.  Likewise,  of  the  48  species 
included  in  Melander ’s  key  of  1923,  6 have  been  transferred  to  other 
genera  and  4 are  now  considered  synonyms ; this  the  latest  complete 
key  therefore  contains  only  38  of  the  more  than  60  species  now 
known.  Curran,  in  1923  and  1924,  described  numerous  new  species, 
mostly  from  Canada,  but  gave  keys  to  the  Canadian  species  only. 

The  disposition  of  the  various  species  formerly  placed  in  Cyrto- 
pogon is  as  follows : Eucyrtopogon  Curran  includes  C.  nebulo  0.  S., 
C.  maculosus  Coq.,  C.  varipennis  Coq.,  and  C.  punctipennis  Mel. 
N annocyrtopogon,  erected  by  the  writers  and  to  be  described  else- 
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where,  includes  C.  cerussatus  0.  S.  and  C.  nigricolor  Coq.  C.  gibber 
Will,  is  eliminated  from  the  genus,  as  an  examination  of  the  type  at 
the  University  of  Kansas  shows  it  to  be  a true  Metapogon.  Species 
now  given  as  synonyms  are : C.  cretaceus  0.  S.,  C.  positivus  0.  S., 
C.  albitarsis  Curran,  and  C.  tacomae  Mel. 

When  this  paper  was  begun,  more  than  three  years  ago,  a key  to 
the  then  known  species  was  prepared,  and  attempts  were  made  to 
build  up  a large  collection  by  collecting  and  exchange.  Although 
large  series  of  many  of  the  Western  species  were  obtained  by  col- 
lecting, only  a few  of  the  Eastern  species  could  be  obtained  by  ex- 
change, the  species  apparently  being  rare  or  absent  in  most  collec- 
tions. The  collection  on  which  this  paper  is  based,  although  lacking 
in  several  of  the  Eastern  and  Canadian  species,  is  undoubtedly  one 
of  the  most  complete  ever  assembled.* 

* To  the  following  who  have  supplied  material  at  various  times 
during  this  study  we  wish  to  acknowledge  our  indebtedness:  E.  P. 
Van  Duzee,  California  Academy  of  Sciences;  E.  S.  Thomas,  Ohio 
State  Museum;  C.  H.  Curran,  American  Museum  of  Natural  His- 
tory; R.  H.  Beamer,  University  of  Kansas;  G.  Stuart  Walley, 
Canadian  National  Collection ; Nathan  Banks  and  Marston  Bates, 
Museum  of  Comparative  Zoology;  Alexander  Wetmore,  U.  S.  Na- 
tional Museum ; Harold  Morrison,  Division  of  Insect  Identification, 
Bureau  of  Entomology  and  Plant  Quarantine,  U.  S.  Department  of 
Agriculture;  H.  A.  Scullen,  Oregon  State  College;  M.  T.  James, 
University  of  Colorado;  Vasco  M.  Tanner,  Brigham  Young  Univer- 
sity; R.  H.  Painter,  Kansas  State  College;  C.  L.  Fluke,  University 
of  Wisconsin ; G.  Allen  Mail  and  J.  H.  Pepper,  Montana  State  Col- 
lege; S.  C.  McCampbell  and  C.  R.  Jones,  Colorado  Agricultural 
College;  the  late  F.  S.  Carr,  Medicine  Hat,  Alberta;  G.  P.  Engel- 
hardt,  Hartsdale,  N.  Y. ; Hugh  B.  Leech,  Salmon  Arm,  British 
Columbia;  E.  R.  Buckell,  Vernon,  British  Columbia;  C.  B.  Philip, 
Hamilton,  Mont. ; S.  W.  Bromley,  Stamford,  Conn. ; M.  W.  Stone, 
Alhambra,  Calif. ; A.  T.  McClay,  Hollywood,  Calif. ; A.  J.  Basinger, 
Riverside,  Calif.;  M.  C.  Lane,  Walla  Walla,  Wash.;  Randall  Latta, 
Sumner,  Wash. ; S.  E.  Crumb,  Wm.  W.  Baker,  A.  E.  Bonn,  Paul 
M.  Eide,  R.  T.  Webber,  and  C.  W.  Getzendaner,  Puyallup,  Wash.; 
F.  H.  Shirck,  Parma,  Idaho;  D.  K.  Duncan,  Globe,  Ariz. ; F.  S. 
Blanton,  Babylon,  L.  I.,  N.  Y. ; R.  T.  Kellogg,  Silver  City,  N.  Mex. ; 
A.  R.  Rolfs,  Moorestown,  N.  J. ; and  Owen  Bryant,  Tucson,  Ariz. 

In  the  case  of  doubtful  species,  we  have  received  very  kind 
cooperation  from  the  institutions  where  the  types  are  on  deposit. 
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Although  only  a few  of  the  European  species  have  been  avail- 
able for  comparison  with  the  American  forms,  close  relationships 
have  been  noted  between  C.  vulneratus  Mel.,  and  related  species,  and 
C.  ruficornis  Macq.  (the  type  species  of  the  genus)  ; between  C.  lepto- 
tarsus  Curran,  and  related  species,  and  C.  flavimanus  Meigen ; be- 
tween C.  lutatius  Walker,  and  related  species,  and  C.  lateralis 
Fallen;  and  between  C.  bimacula  Walker  and  C.  maculipennis 
Macq.,  the  latter  species  having  been  reported  recently  from  Canada. 

Although  the  genus  is  found  over  most  of  North  America  north 
of  Mexico  (no  species  have  been  recorded  from  Mexico  as  yet),  it  is 
more  particularly  abundant  in  the  northern  and  western  parts. 
Osten  Sacken  (West.  Dipt.,  p.  294,  1877)  remarks  as  follows  on  the 
occurrence  of  the  genus  in  California : “The  large  number  of  species 
of  this  genus  occurring  in  California  is  very  remarkable.  While 
only  ten  or  eleven  species  are  known  from  the  whole  of  Europe,  I 
found  thirteen  species,  eleven  of  which  were  new,  almost  all  on  the 
same  day,  near  Webber  Lake,  Sierra  Nevada.”  In  numbers  of 
species,  California  is  only  rivaled  by  Oregon  and  Washington,  with 
British  Columbia  and  Idaho  closely  following. 

The  great  bulk  of  the  species  are  taken  in  or  near  coniferous 
forests,  usually  alighted  on  the  ground,  on  logs,  on  twigs,  or  on  the 
trunks  of  trees.  C.  auratus  Cole  is  almost  always  found  above  the 
ground  on  the  trunks  of  conifers,  while  the  closely  related  C.  auri- 
pilosus,  n.  sp.,  most  frequently  rests  on  the  ground.  C.  rejectus 
0.  S.  is  usually  found  several  feet  above  the  ground  on  the  trunks 
or  out  on  some  of  the  lower  branches,  often  perching  just  out  of 
reach  of  the  net.  C.  praepes  Will,  and  its  close  relative  C.  willistoni 
Curr.  are  usually  found  in  the  grass  beneath  conifers.  C.  albifrons, 
n.  sp.,  seems  to  prefer  to  rest  on  rail  fences  rather  than  on  the  nearby 
tree  trunks.  A few  species  are  found  outside  the  coniferous  area ; 
C.  anomalies  Cole,  while  often  found  within  the  coniferous  area, 

Especial  thanks  are  due  to  G.  Stuart  Walley,  of  the  Entomological 
Branch,  Canadian  Department  of  Agriculture,  Nathan  Banks,  of 
the  Museum  of  Comparative  Zoology,  and  E.  P.  Van  Duzee,  of  the 
California  Academy  of  Sciences,  for  making  comparisons  with  types  ; 
to  R.  H.  Beamer,  of  the  University  of  Kansas,  for  the  loan  of  the 
type  of  C.  dubius  Will. ; to  C.  T.  Greene  and  Alan  Stone,  of  the 
Division  of  Insect  Identification,  Bureau  of  Entomology  and  Plant 
Quarantine,  U.  S.  Department  of  Agriculture,  for  reviewing  the 
manuscript ; and  to  Richard  Dow,  of  the  Boston  Society  of  Natural 
History,  for  revising  couplets  42  to  45  of  the  key  to  the  species. 
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seems  to  be  associated  with  cottonwoods  and  willows;  it  is  usually 
found  close  to  running  water,  perching  on  stones,  dead  branches, 
sticks,  or  driftwood.  C.  idahoensis,  n.  sp.,  is  collected  on  sand  near 
willows  along  running  water,  although  not  so  close  to  the  water  as 
is  C.  anomalies.  Several  species  are  taken  in  the  open  desert,  C. 
ablautoides  Mel.  being  an  example.  A number  of  species  are  found 
only  at  low  elevations,  while  a still  larger  number  are  found  only  in 
the  higher  elevations;  a few  species  (e.g.,  C.  moni anils  Loew  and 
C.  banksi,  n.  sp.)  occur  in  both  places,  coming  out  early  in  the  spring 
in  the  lowlands  and  appearing  later  in  the  summer  in  the  mountains. 
Many  of  the  species  are  difficult  to  capture,  this  being  especially  true 
of  the  larger  species,  such  as  C.  dasylloides  Will,  and  related  species. 

Most  of  the  species  can  be  collected  at  any  time  of  the  day  if  the 
sun  is  shining,  but  larger  series  can  usually  be  taken  late  in  the 
morning  or  early  in  the  afternoon.  C.  glarealis  Mel.  is  found  in 
abundance  only  in  deep  pine  woods  very  early  in  the  morning  and 
late  in  the  evening. 

Nothing  appears  to  be  known  of  the  biology  of  the  American 
species  and  but  little  is  known  of  the  European  forms.  Melin1  has 
published  on  C.  lateralis  Fallen  and  a number  of  other  Asilidae,  and 
the  reader  is  referred  to  this  paper,  as  an  edition  in  English  is 
available. 

Several  species  have  been  noted  performing  a mating  dance. 
C.  glarealis  Mel.  is  found  mating  in  sunny  spots  on  the  trunks  of 
trees,  not  more  than  3 feet  above  the  ground,  on  fallen  logs  or 
branches.  The  male  begins  the  courtship  by  alighting  in  front  of, 
and  facing  the  female.  Sometimes  he  remains  quiet  for  awhile,  but 
at  other  times  he  immediately  begins  to  lash  his  abdomen,  raising  it 
almost  perpendicular  to  the  thorax  with  the  last  three  or  four  seg- 
ments curled  downward,  and  then  suddenly  straightens  it.  This 
movement  continues  for  several  minutes.  Sometimes  the  females 
show  a slight  response  by  the  quivering  of  the  w7ings.  The  courtship 
is  ended  by  the  male  suddenly  pouncing  on  the  female  and  attempt- 
ing copulation. 

The  males  of  C.  auratus  Cole  also  take  a position  in  front  of  the 
female  but  do  not  lash  the  abdomen ; instead,  they  wave  their  orna- 
mented forelegs  in  a more  or  less  rhythmic  motion.  On  several 
occasions  the  males  were  observed  to  approach  the  females  and  stroke 

1 Melin,  D.  1923.  Contributions  to  the  Biology,  Metamorphosis 
and  Distribution  of  the  Swedish  Asilids.  Zoolog.  Bidrag.  Uppsala, 
VIII,  1-317,  305  figs. 
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tlieir  head  or  thorax  with  the  front  legs.  The  males  of  C.  montanus 
Loew  also  stand  in  front  of  the  female  during  courtship.  Wing 
movement  seems  to  be  the  major  part  of  the  courtship,  at  times  a low 
buzz  being  produced  by  the  wings. 

The  most  useful  characters  for  the  separation  of  the  species  are 
to  be  found  in  the  ornamentations  and  modifications  of  the  males. 
Osten  Sacken  (West.  Dipt.,  p.  294,  1877)  has  commented  on  these 
as  follows : “Another  remarkable  fact  is  the  peculiar  ornamentation 
of  some  of  these  species,  especially  of  the  legs  of  the  males,  which, 
as  far  as  I am  aware,  does  not  occur  in  Europe.”  One  European 
species,  C.  flavimanus  Meigen,  has  the  last  joint  of  the  male  fore 
tarsi  extremely  flattened  as  in  the  American  species  related  to  C. 
lineotarsus  Curran.  Other  modifications  of  the  legs  are  found  in 
the  males  of  C.  princeps  0.  S.,  C.  vandykei,  n.  sp.,  C.  perspicax  Cole, 
and  C.  basingeri,  n.  sp.,  all  of  which  have  the  fore  tarsi  very  long 
and  slender,  in  most  cases  one  and  one-half  times  the  length  of  the 
fore  tibiae.  The  most  striking  leg  ornamentation  is  found  in  the 
pad  of  black  hairs  on  the  last  two  joints  of  the  middle  tarsi  of  C. 
callipedilus  Loew  and  related  species,  and  in  the  fringe  of  silvery 
hairs  on  the  fore  tarsi.  Other  species  which  have  fringes  of  white 
hairs  on  the  fore  tarsi  are  C.  pulcher  Back,  C.  glarealis  Mel.,  C. 
dubius  Will.,  C.  rufotarsus  Back,  C.  princeps  0.  S.,  and  C.  jemezi, 
n.  sp.  A few  species,  as  C.  princeps  0.  S.,  C.  inversus  Curran,  C. 
dubius  Will.,  and  C.  aldrichi,  n.  sp.,  have  prominent  white  hairs  on 
the  hind  legs. 

Modifications  other  than  on  the  legs  are  found  in  a few  species. 
C.  aurifex  0.  S.  and  related  species  have  dense  tufted  orange  pile  on 
male  abdominal  segments  2-4;  and  the  males  of  C.  maculipennis 
Macq.,  C.  bimacula  Walker,  and  C.  dasyllis  Will,  have  large  brown 
spots  in  the  wings  which  are  faded  or  absent  in  the  females.  Re- 
markable modifications  in  the  pollinosity  and  pilosity  of  the  abdomen 
are  found  in  both  sexes  of  the  species  related  to  C.  vulneratus  Mel. 
and  C.  dasylloides  Will. 

In  the  rather  large  group  of  species  which  have  the  scutellum 
more  or  less  flattened  and  pollinose,  male  sex  ornamentations  are 
almost  wholly  lacking.  In  this  group  the  most  useful  characters 
for  separating  the  species  are  to  be  found  in  the  pollinosity  of  the 
abdomen ; the  color  of  the  legs ; the  color  of  the  hairs  of  the  mystax, 
scutellum,  liypopleura,  and  legs ; the  color  of  the  claws ; the  gibbosity 
and  width  of  the  face ; the  pollinose  pattern  of  the  mesonotum  and 
pleura ; and  the  shape  of  the  third  antennal  joint.  This  last  char- 
acter is  quite  constant  in  these  species,  even  though  in  many  cases  the 
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antennae  are  somewhat  distorted  on  drying,  so  drawings  have  been 
prepared  of  the  antennae  of  most  of  these  species  as  an  aid  to  their 
identification. 

The  genus  is  defined  briefly  as  follows : 

Cyrtopogon  Loew 

Cyrtopogon  Loew,  Linnea  Ent.,  II,  516,  1847. 

Euarmostus  Walker,  Dipt.  Saund.,  102,  1851. 

Cyrtopogon  Schiner,  Fauna  Austr.,  I,  133,  1862. 

Eupalamus  Jaennicke,  Berl.  Ent.  Zeit.,  11,  86,  1867. 

Cyrtopogon  Osten  Sacken,  West.  Dipt.,  294,  1877 ; Cat., 
104,  1888. 

Cyrtopogon  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p.  257- 
258,  1909. 

Cyrtopogon  Curran,  Can.  Ent.,  v.  55,  p.  122,  1923. 

Cyrtopogon  Melander,  Psyche,  v.  30,  p.  102-119,  1923. 

Medium  to  fairly  large  species,  usually  quite  pilose.  Head 
broader  than  high,  the  face  in  profile  swollen  or  gibbous,  and 
long  pilose.  Antennae  three-jointed,  the  third  joint  bearing  a 
two-jointecl  style.  Thorax  moderately  arched,  usually  quite 
pilose,  lateral  bristles  usually  present  but  without  dorsocentrals, 
ground  color  usually  obscured  at  least  in  part  with  pollen. 
Scutellum  flattened  or  convex,  shining  or  entirely  pollinose, 
long  pilose  and  sometimes  with  a few  apical  bristles  intermixed. 
Hypopleura  with  a patch  of  long  erect  hair.  Abdomen  rather 
slender  and  tapering  in  the  males,  usually  broadest  at  the  sec- 
ond or  third  segment  in  the  females,  shining  black  and  usually 
with  posterior  pollinose  fasciae,  at  least  quite  long  pilose  on  the 
sides  of  the  first  two  or  three  segments.  Legs  normal  in  the 
females,  variously  ornamented  or  modified  in  the  males  of  a 
number  of  species ; fore  tibiae  without  terminal  claw-like  spur ; 
pulvilli  and  empodia  present.  The  marginal,  posterior,  and 
anal  cells  of  the  wings  open ; the  third  vein  branching  well 
beyond  the  discal  crossvein. 

Gentoype  : Asilus  ruficornis  Fabricius.2 

The  early  references  above  were  largely  taken  from  Back. 

The  genus  belongs  in  that  portion  of  the  subfamily  Dasypo- 
goninae  that  lacks  a terminal  claw-like  spur  on  the  fore  tibiae,  and 

2 Coquillett,  D.  W.  1910.  The  Type-Species  of  the  North 
American  Genera  of  Diptera.  No.  1719,  Proc.  U.  S.  Nat.  Mus.,  v. 
37,  p.  530. 
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belongs  to  a group  of  genera  with  the  fourth  posterior  cell  open  that 
has  the  face  in  profile  distinctly  swollen  or  gibbous.  It  can  be  sepa- 
rated from  the  related  genera  by  the  following  key : 

Key  to  Cyrtopogon  and  Related  Genera 

1.  Gibbosity  of  the  face  reaching  to  the  base  of  the  antennae ; front 

not  much  wider  at  the  vertex  than  at  the  antennae ; anal 
cell  of  the  wings  open ; male  genitalia  with  all  parts  pres- 
ent, the  hypandrium  without  a prominent  posterior  fringe 
of  hairs ; eighth  segment  of  the  female  abdomen  not  differ- 
ing from  the  preceding  segments 2 

Gibbosity  of  the  face  not  reaching  the  antennae;  front  much 
wider  at  the  vertex  than  at  the  antennae ; anal  cell  of  the 
wings  closed ; male  genitalia  inverted,  the  epandrium 
absent  and  the  hypandrium  bearing  a prominent  posterior 
fringe  of  hairs ; the  eighth  segment  of  the  female  abdomen 
forming  the  basal  part  of  a polished  ovipositor  which  differs 
from  the  preceding  segments  4 

2.  Third  vein  of  the  wings  usually  branched  before  or  opposite  the 

discal  crossvein,  anterior  crossvein  well  beyond  the  middle 
of  the  discal  cell,  with  small  clouds  on  the  crossveins  and 
furcations ; third  antennal  joint  broadest  basally,  tapering 
apically;  disc  of  scutellum  silky  pilose  and  with  a row  of 
very  long  bristles  on  the  posterior  margin ; densely  pilose 

species Eucyrtopogon  Curran 

Third  vein  of  the  wings  branched  well  beyond  the  discal  cross- 
vein, anterior  crossvein  usually  well  before  the  middle  of 
the  discal  cell,  without  clouds  as  above ; third  joint  of  the 
antennae  usually  broadest  at  or  beyond  the  middle ; scutel- 
lum uniformly  pilose,  or  bare  with  short,  strong  marginal 
bristles 3 

3.  Scutellum  bare,  with  short,  strong  marginal  bristles;  dorsocen- 

tral  bristles  usually  present ; abdomen  with  the  posterior 
corners  and  the  anterior  margins  of  most  segments  polli- 
nose ; bare  species. 

Nannocyrtopogon  Wilcox  and  Martin3 
Scutellum  long  pilose,  sometimes  with  a few  apical  bristles  inter- 
mixed; dorsocentral  bristles  absent;  abdomen  never  with 
pollinose  markings  as  above ; more  pilose  species. 

Cyrtopogon  Loew 

3 Genotype : Cyrtopogon  cerussatus  Osten  Sacken. 
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4.  Dorsocentral  bristles  usually  present  and  well  developed ; scutel- 
lum  with  long  marginal  bristles ; abdomen  with  at  least  the 
entire  posterior  margin  of  most  segments  pollinose. 

Lasiopogon  Loew 

Dorsocentral  bristles  absent ; scutellum  bare,  or  with  only  a few 
short,  weak  marginal  hairs ; only  the  posterior  corners  of 
most  of  the  abdominal  segments  pollinose. 

Alexiopogon  Curran 

Synopsis  of  the  Species  of  Cyrtopogon 

An  attempt  has  been  made  to  arrange  the  species  into  groups  and, 
although  not  entirely  satisfactory,  the  following  synopsis  will  proba- 
bly be  of  some  help  in  showing  relationships  : 

A.  Scutellum  convex,  largely  or  entirely  shining : 

B.  At  least  abdominal  segments  2-4  or  3-5  largely  covered 
with  dense  reddish  or  yellowish  pollen : 
vulneratus  group  : vulneratus  Mel.,  platycauda  Curr., 
varans  Curr.,  bigelowi  Curr. 

BB.  At  most  the  posterior  margins  of  the  abdominal  segments 
plainly  pollinose : 

C.  Third  antennal  joint  yellowish  red: 

D.  Scutellum  extremely  convex,  sides  of  the  meso- 
notum  shining : 

margin alis  group  : marginalis  Loew,  longi- 
manus  Loew. 

DD.  Scutellum  convex  but  not  extremely  so,  ineso- 
notum  pollinose : 

E.  Legs  black,  male  fore  tarsi  elongate: 

princeps  group  : princeps  0.  S.,  vandykei, 
n.  sp. 

EE.  The  tibiae  at  least  largely  reddish  : 

F.  Face  broad,  male  fore  tarsi  elongate: 
perspicax  group  : perspicax  Cole. 
FF.  Face  narrow,  male  fore  tarsi  normal: 

G.  Male  abdominal  segments  2-4 
with  dense  fulvous  pile : 
aurifex  group:  aurifex  0.  S., 
auratus  Cole,  auripilosus, 
n.  sp. 

GG.  Male  abdomen  carinate  apically, 
without  conspicuous  pile : 
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pulcher  group:  pulcher  Back, 
glarealis  Mel. 

CC.  Third  antennal  joint  black : 

H.  Abdomen  with  at  least  segments  2-3  entirely 
covered  with  dense,  erect,  yellowish  or  ful- 
vous pile  ; large  species  : 
dasylloides  group:  dasylloides  Will.,  dasyllis 
Will.,  semitarius  Mel.,  curtistylus  Curr. 

HH.  Abdomen  without  dense  pile  as  above  : 

I.  Last  two  joints  of  middle  tarsi  of  males 
with  a disc  of  black  hairs : 
callipedilus  group  : callipedilus  Loew,  cym- 
balista,  0.  S.,  praepes  Will.,  plausor  0.  S., 
willisioni  Curr. 

II.  Last  two  joints  of  middle  tarsi  of  males 
without  disc : 

J.  Wings  bimaculate,  especially  promi- 
nent in  males  : 

MACULiPENNis  group  : maculipeunis 

Macq.,  bimacala  Wlk. 

JJ.  Wings  not  bimaculate  : 

K.  Western  species : 

L.  Tibiae  and  tarsi  more  or  less 
reddish : 

MONTANUS  GROUP:  montdllUS 

Loew,  leucozona  Loew,  al- 
bovarians  Curr.,  basin- 
geri,  11.  sp.,  jemezi,  n.  sp. 
LL.  Legs  black : 

M.  Pollinose  bands  entire 
or  nearly  so : 
INVERSUS  GROUP : ill- 

versus  Curr.,  steno- 
frons,  n.  sp.,  al- 
drichi,  n.  sp. 

MM.  Pollinose  bands  broadly 
interrupted : 

DUBIUS  GROUP  : dubhlS 

Will.,  rufotarsus 
Back. 

KK.  Eastern  species : falto  Walk., 
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laphriformis  Curr.,  lyratus  0. 

S.,  alleni  Back,  tenuis  Brom. 

AA.  Scutellum  more  or  less  flattened  and  largely  pollinose : 

N.  Scutellum  entirely  black  : 
nitidus  group:  nitidus  Cole. 

NN.  Scutellum  largely  pollinose  : 

0.  Last  joint  of  male  fore  tarsi  extremely  flattened  and 
as  long  as  joints  2-4  together : 
leptotarsus  group:  leptotarsus  Curr.,  lineotarsus 
Curr.,  predator  Curr.,  planitarsus,  n.  sp. 

00.  Last  joint  of  male  fore  tarsi  not  flattened: 

P.  Pollinose  band  on  first  abdominal  segment 
entire : 

Q.  Mystax  black: 

profusus  group:  profusus  0.  S.,  evidens 

0.  S.,  swezeyi,  n.  sp. 

QQ.  Mystax  largely  or  entirely  white : 

B.  Legs  reddish: 

anomalus  group:  anomalus  Cole. 
RR.  Legs  black: 

rattus  group:  rattus  0.  S.,  thomp- 
soni  Cole,  ablautoides  Mel.,  caesius 
Mel. 

PP.  Pollinose  band  on  first  abdominal  segment  in- 
terrupted : 

S.  Legs  largely  reddish: 

tibialis  group:  tibialis  Coq. 

SS.  Legs  black: 

T.  Posterior  margin  of  scutellum  polli- 
nose : 

lutatius  group:  lutatius  Walk.,  in- 
fuscatus  Cole,  fumipennis,  n.  sp. 
TT.  Margin  of  scutellum  shining  black: 

U.  Hypoplenral  hairs  of  males  at 
least  partly  black: 
rejectus  group:  rejectus  0.  S., 
sudator  0.  S.,  curtipennis,  n. 
sp.,  vanduzeei,  n.  sp..  raini- 
eri,  n.  sp. 

UU.  Hypoplenral  hairs  of  both  sexes 
entirely  white : 

nugator  group:  nugator  0.  S., 

10 
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sansoni  Curr.,  idahoensis,  n. 
sp.,  albifrons,  n.  sp.,  banksi, 
n.  sp.,  beameri,  n.  sp. 

Key  to  the  Species  of  Cyrtopogon 

1.  Last  joint  of  the  male  fore  tarsi  extremely  flattened  and 
subequal  in  length  to  joints  2-4  together ; at  least  ab- 
dominal segments  1-5  with  entire  posterior  pollinose 
fasciae;  face  noticeably  divergent  below;  first  anten- 
nal joint  twice  as  long  as  the  second,  the  two  together 

subequal  in  length  to  the  third  joint 2 

Last  joint  of  the  male  fore  tarsi  not  flattened;  abdominal 
segments  1 and  5 never  both  with  entire  posterior  pol- 
linose fasciae,  or,  if  so,  the  scutellum  flattened  and 
densely  pollinose  over  the  entire  disc  and  more  than 
the  narrow  posterior  margins  of  the  segments  pol- 
linose; face  not  noticeably  divergent  below;  first  an- 
tennal joint  usually  but  little  longer  than  the  second, 


the  third  longer  than  the  first  two  joints  together 5 

2 (1).  At  least  the  hind  tibiae  and  tarsi  reddish  or  yellowish 3 

Tibiae  wholly  black,  middle  and  hind  tarsi  black  4 


3 (2).  Tibiae  all  reddish  or  yellow,  darker  apically;  all  of  the 

male  abdominal  segments  and  segments  1-6  of  the 
females  with  entire  posterior  pollinose  fasciae ; mystax 
broadly  black  in  the  middle ; length  12-15  mm. 

(Out.)  leptotarsus  Curran 

Hind  tibiae  reddish  brown,  the  others  black;  male  ab- 
dominal segments  1-6  and  female  segments  1-5  with 
entire  posterior  pollinose  fasciae;  mystax  narrowly 
black  in  the  middle;  length  11-18  mm.  (B.  C.,  Wash., 
Idaho)  predator  Curran 

4 (2).  Mesonotum  largely  pollinose;  last  joint  of  the  male  fore 

tarsi  translucent  and  only  about  one-half  the  width 
of  the  first  joint,  joints  1-4  with  strong  black  bristles 
posteriorly  in  addition  to  the  long  anterior  ones ; male 
ocellar  tubercle  with  a long  dense  lateral  tuft  of  black 
hairs  on  each  side ; hypopleural  hairs  black  above ; 

length  11-15  mm.  (Oreg.)  planitarsus,  n.  sp. 

Mesonotum  largely  shining  black;  last  joint  of  the  male 
fore  tarsi  equal  in  width  to  the  first  joint  and  dorsally 
with  short  black  hairs  apically,  joints  1-4  with  short 
white  lateral  bristles  on  each  side  and  with  dorsal  an- 
il 
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terior  long  black  ones;  male  ocellar  tubercle  black 
haired  but  not  forming  tufts ; hypopleural  hairs 
entirely  white;  length  11-16  mm.  (Alta.,  Mont.). 

lineotarsus  Curran 

5(1).  Scutellum  convex,  mostly  shining,  sometimes  with  a trans- 
verse spot  of  pollen  at  the  base;  in  profile  the  face 
usually  strongly  gibbous  and  the  antennae  usually 
situated  at  about  three-fourths  the  height  of  the  head ; 

more  densely  pilose  and  less  pollinose  species 6 

Scutellum  more  or  less  flattened  and  largely  or  entirely 
pollinose  (without  pollen  in  nitidus  Cole)  ; in  profile 
the  face  usually  not  so  strongly  gibbous  and  the  an- 
tennae usually  situated  at  about  one-half  the  height 
of  the  head;  less  pilose  and  more  densely  pollinose 
species  46 

6 (5).  Northern  species  with  conspicuous  reddish  or  yellow  polli- 

nose areas  on  the  dorsum  of  the  basal  abdominal  seg- 
ments and  with  short  pile  that  does  not  nearly  ob- 
scure the  ground  color  (Canadian  species)  7 

Abdomen  not  as  above,  usually  onty  the  narrow  posterior 
margins  of  the  segments  pollinose  10 

7 (6).  Third  antennal  joint  yellowish-red  8 

Third  antennal  joint  black  9 

8 (7).  Hair  of  the  anterior  tibiae  and  tarsi  chiefly  white  and 

rather  long;  sides  of  first  segment  and  most  of  seg- 
ments 2-4  of  the  abdomen  reddish-yellow  pollinose ; 

length  11  mm.  (Man.)  platycauda  Curran 

Pile  and  bristles  of  the  legs  black ; the  posterior  one-half 
of  the  third  and  the  greater  part  of  the  two  following 
abdominal  segments  densely  reddish  pollinose ; length 
15  mm.  (Ont.) varans  Curran 

9 (7).  Abdomen  from  the  middle  of  second  to  apex  of  seventh 

segment  mostly  dull  ochreous  pollinose,  pile  yellow, 
segments  7-8  and  genitalia  black  haired  ; basal  half 
of  hind  tibiae  reddish ; wings  grayish  hyaline ; length 

10-13  mm.  (Ont.,  Que.)  bigelowi  Curran 

Abdomen  from  the  middle  of  second  to  apex  of  fifth  seg- 
ment mostly  golden  pollinose,  mostly  fulvous  haired, 
segments  6-8  and  genitalia  and  sides  of  segments  4-5 
black  haired;  basal  three-fourths  of  hind  tibiae  red- 
dish ; wings  with  narrow  brown  clonds  on  crossveins 
and  furcations;  length  10  mm.  (Ont.). 

vidneratus  Melander 
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10  (6).  Third  antennal  joint  yellowish  red  11 

Third  antennal  joint  black  (somewhat  reddish  in  dasyllis 
Will.,  a large  species  with  erect  yellowish  pile  entirely 
covering  dorsum  of  abdominal  segments  2-4)  20 

11  (10).  Scutellum  extremely  convex,  gibbous,  as  high  as  long; 

humeri,  sides  of  the  mesonotum  and  postalar  calli, 

shining  black  12 

Scutellum  convex  but  not  gibbous;  humeri  and  sides  of 
the  mesonotum  largely  pollinose  13 

12  (11).  Mesopleural,  hypopleural,  and  scutellar  hairs  white;  fem- 

ora apically  and  the  tibiae  and  tarsi  reddish;  fasciae 
of  the  female  abdominal  segments  narrowly  inter- 
rupted; length  11-12  mm.  (Can.,  N.  H.,  N.  Y.,  Mass., 

Va.,  N.  C.)  marginalis  Loew 

Mesopleural,  hypopleural,  and  scutellar  hairs  brownish  or 
black ; legs  entirely  black ; fasciae  of  the  abdominal 
segments  entire;  length  9-12  mm.  (Calif.). 

longimanus  Loew 

13  (11) . Legs  entirely  black  14 

Tibiae  and  tarsi  more  or  less  reddish  15 

14  (13).  Claws  white  with  black  tips;  male  fore  tarsi  slender,  one 

and  one-half  times  the  length  of  the  fore  tibiae  and 
densely  silvery  pilose  above ; posterior  pollinose 
fasciae  of  the  female  abdomen  broadly  interrupted 
and  the  mesonotum  largely  grayish-white  pollinose ; 
length  10-14  mm.  (Calif.,  Oreg.,  Wash.). 

( cretaceus  0.  S.)  princeps  Osten  Sacken 
Claws  largely  black  with  reddish  bases;  male  fore  tarsi 
about  one  and  one-third  times  the  length  of  the  fore 
tibiae,  entirely  short  black  pilose;  segments  2-5  of 
female  abdomen  with  entire  posterior  pollinose  fas- 
ciae and  mesonotum  with  the  central  stripe  and  the 
intermediate  spots  subshining  brown;  length  12-14 
mm.  (Calif.)  vandykei,  n.  sp. 

15  (13).  Face  broad,  in  both  sexes  four-fifths  the  width  of  one 

eye;  hairs  on  the  front  and  ocellar  tubercle  largely 
white ; scutellum  strongly  convex ; male  fore  tarsi  one 
and  one-half  times  the  length  of  the  fore  tibiae ; male 
abdomen  with  lateral  tufts  of  black  pile,  female  with 
less  tufted  black  and  white  pile ; fasciae  of  the 
abdomen  interrupted;  length  10  mm.  (Oreg.,  Calif). 

perspicax  Cole 
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Face  narrow,  in  both  sexes  at  most  two-thirds  the  width 
of  one  eye ; hairs  on  the  front  and  ocellar  tubercle 
black;  sen  tel  lu  m not  strongly  convex  16 

16  (15).  Male  abdominal  segments  2-4  with  dense  tufted  yellowish 

or  orange  pile ; female  abdomen  with  similar  sparse, 
erect  pile,  that  on  segment  2 not  noticeably  longer 

than  on  segment  3 17 

Male  abdomen  without  dense  pile  as  above ; in  female  the 
pile  on  segment  2 much  longer  than  on  segment  3 19 

17  (16).  Segments  6-7  of  the  male  abdomen  with  dense,  erect 

lateral  tufts  of  short  velvety  black  pile;  last  two 
joints  of  the  fore  and  middle  tarsi  of  both  sexes 
black;  male  fore  tarsi  shorter  than  the  fore  tibiae 
(70-85)  ; length  8-10  mm.  (Calif.,  Oreg\,  Wash.,  B. 

C.)  aurifex  Osten  Sacken 

Segments  6-7  of  the  male  abdomen  with  short,  sparse,  re- 
cumbent black  hairs ; fore  and  middle  tarsi  of  both 
sexes  reddish  or  yellowish;  male  fore  tarsi  as  long  as 
their  tibiae  18 

18.  (17).  Fore  tibiae  and  tarsi  of  the  males  with  a uniform  pos- 
terior fringe  of  white  hairs  which  are  as  long  as  the 
diameter  of  these  segments;  fore  tibiae  with  about 
one-half  of  the  bristles  pale  yellowish  and  those  of  their 
tarsi  entirely  so ; fifth  male  abdominal  segment  with 
very  short,  sparse,  black  hairs ; mystax  orange ; length 
9-12  mm.  (Oreg.,  Wash.,  Alta.,  Idaho,  Mont.,  Wyo., 

Utah)  (alb  it  arsis  Curr.)  auratus  Cole 

Fringe  of  white  hairs  posteriorly  on  the  male  fore  tibiae 
and  tarsi  not  more  than  one-half  the  width  of  these 
segments  and  more  or  less  recumbent,  the  bristles 
largely  black;  fifth  abdominal  segment  of  the  males 
with  rather  long,  dense,  recumbent  black  hairs;  mys- 
tax yellow;  length  10-14  mm.  (Wash.). 

auripilosus,  n.  sp. 

19  (16).  Hairs  on  the  sides  of  the  first  three  male  abdominal  seg- 
ments largely  yellowish,  and  the  hairs  posteriorly  on 
the  fore  femora  yellowish;  females,  hypopleural  hairs 
about  one-half  yellowish,  wings  gray  villous  not  defi- 
nitely marked  with  brown;  length  12-14  mm.  (Colo., 

Ariz.,  Utah)  pulcher  Back 

Hairs  on  the  sides  of  the  first  three  male  abdominal  seg- 
ments largely  black,  as  are  the  hairs  posteriorly  on 
14 
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20  (10). 


21  (20). 


22  (21). 


23  (22). 


24  (20). 


the  fore  femora;  females,  hypopleural  hairs  largely 
black  and  wings  distinctly  marked  with  brown  on  the 
crossvein  and  furcations;  length  10-15  mm.  (Wash., 

Oreg.,  Calif.,  Idaho,  Wyo.,  B.  C.)  glarealis  Melander 

Abdomen  with  dense,  erect,  light  colored  pile  at  least 
entirely  covering  the  dorsum  of  abdominal  segments 

2—3 ; large  species,  15  mm.  in  length  or  more  21 

Abdomen  without  dense  pile  on  the  dorsum  as  above 24 

Yellowish  pile  of  the  abdomen  confined  to  the  three  basal 
segments;  anterior  crossvein  near  the  base  of  the  dis- 
cal  cell,  wings  more  or  less  hj^aline ; style  of  the  an- 
tennae short,  thick,  almost  rectangular  in  side  view ; 
length  15-17  mm.  (Wash.,  Oreg.,  Calif.). 

semitarius  Melander 
At  least  the  four  basal  abdominal  segments  yellowish 

pilose  22 

Yellow  pile  extending  on  to  the  fifth  abdominal  segment 
dorsally;  mystax  yellow;  apex  of  the  wings  with  a 
dark  suffused  spot;  length  17  mm.  (Wash.,  Oreg., 

Calif.,  Idaho,  N.  Y.)  dasylloides  Williston 

Yellowish  pile  confined  to  the  four  basal  abdominal  seg- 
ments   23 

Wings  of  the  male  with  a large  apical  spot  and  the  last 
section  of  the  fifth  vein  clouded  brown ; mystax  black 
in  male,  yellow  in  the  middle  in  the  female ; coxae 
yellow  pilose ; fore  tibiae  of  the  male  black  pilose ; 
apical  one-half  of  the  female  wing  fuscous;  length 
16-18  mm.  (Colo.,  Idaho,  Oreg.,  Wash.,  Alta.,  Alaska, 

Calif.)  dasyllis  Williston 

Outer  one-half  of  the  wings  yellowish-brown,  darker  in 
the  middle  and  front;  mystax  bright  yellow  laterally 
bordered  by  stouter  black  hairs ; coxae  black  haired ; 
outer  one-fifth  of  the  male  fore  tibiae  white  pilose; 
females,  hairs  of  the  head,  thorax,  and  legs  entirely 
black;  length  16-18  mm.  (Utah,  Calif.,  Idaho,  Mont.). 

curtistylus  Curran 

At  least  the  last  two  segments  of  the  middle  tarsi  of  the 
males  with  a broad  disc  of  black  hairs ; male  fore  tarsi 
silvery  pilose  above ; face  at  the  antennae  subequal  in 
width  to  the  width  of  one  eye,  strongly  gibbous  ...  25 
Middle  tarsi  of  the  males  without  disc  of  black  hairs ; face 
usually  narrower  than  the  eyes  and  not  so  strongly 
gibbous  29 
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25  (24). 


26  (25). 


27  (25). 


28  (27). 


29  (24). 


30  (29). 


Pad  of  hairs  on  the  middle  tarsi  confined  to  the  last  two 
segments  and  very  broad,  about  six  times  the  width 
of  the  segments ; silvery  hairs  on  the  fore  tarsi  parted 

on  all  segments  26 

Pad  of  black  hairs  on  the  middle  tarsi  not  much  more 
than  three  times  the  width  of  the  segments  and  not 
always  confined  to  the  last  two  points ; silvery  hairs 

on  the  fore  tarsi  not  parted  on  all  joints  27 

Silvery  hairs  on  the  male  fore  tarsi  underlined  with  dense 
black  hairs  on  the  outer  joints ; pile  of  the  abdomen 
at  least  partly  light  colored ; pulvilli  whitish ; females, 
mesonotum  pollinose  and  abdomen  all  white  haired; 

length  11-12  mm.  (Calif.)  callipedilus  Loew 

No  dense  black  hairs  underlying  the  white  hairs  on  the 
male  fore  tarsi;  hairs  of  the  abdomen  entirety  black 
in  both  sexes;  pulvilli  brown;  length  11-13  mm. 

(Calif.)  cymbalista  Osten  Sacken 

Hairs  of  the  abdomen  and  thorax  in  both  sexes  yellowish- 
white;  length  12-13  mm.  (N.  Mex.,  Colo.,  Nebr., 

Idaho)  plausor  Osten  Sacken 

Hairs  of  the  abdomen  and  thorax  always  at  least  partly 

black  in  botli  sexes  28 

Joints  1-5  of  the  male  fore  tarsi  with  a narrow  crest  of 
silvery  hairs  not  noticeabty  expanded  apically;  legs 
entirety  black;  hairs  of  the  body  mostly  black,  first 
two  abdominal  segments  yellow  haired;  hind  femora 
yellowish  haired;  length  11-12  mm.  (Wash.,  Oreg., 

Calif.)  praepes  Williston 

Silvery  hairs  on  the  male  fore  tarsi  confined  to  joints  2-5, 
noticeabty  expanded  apically ; tibiae  and  tarsi  usually 
reddish  but  sometimes  entirety  black ; usually  more 
than  the  two  basal  abdominal  segments  pale  haired; 
hind  femora  black  haired;  length  11-16  mm.  (B.  C.. 
Alta.,  Wash.,  Oreg.,  Calif.,  Utah,  Idaho,  Mont.). 

willistoni  Curran 

Wings  of  the  male  with  a large  apical  brown  cloud  and  a 
smaller  cloud  covering  the  apex  of  the  anal  cell,  female 
wings  more  or  less  darkened  in  the  same  regions; 

pleura  largely  shining  black  30 

Wings  not  bimaculate ; pleura  more  extensively  polli- 
nose   31 

Mystax  of  both  sexes  largely  white  or  yellowish ; abdomi- 

16 
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nal  hairs  of  the  males  white ; length  9-15  mm.  (N.  H., 
Minn.,  Qne.,  N.  Mex.,  Colo.,  Wyo.,  Idaho,  Oreg., 

Wash.,  B.  C.,  Mont.)  bimacula  Walker 

Mystax  of  both  sexes  black  with  a few  white  hairs  inter- 


mixed in  the  middle;  abdominal  hairs  of  the  males 
largely  black;  length  10-14  mm.  (Canada,  Europe). 

maculipennis  Macquart 

31  (29).  Western  species  32 

Eastern  species 42 

32  (31).  Tibiae  and  tarsi  more  or  less  reddish 33 

Legs  black,  hind  tibiae  sometimes  dark  reddish 37 

33  (32).  Mystax  of  both  sexes  largely  or  entirely  black;  fore  tarsi 

of  the  males  yellowish  34 


Mystax  of  both  sexes  largely  white ; male  fore  tarsi  black. 

35 

34  (33).  Male  fore  tarsi  slender,  one  and  one-half  times  the  length 

of  the  fore  tibiae,  with  sparse,  recumbent,  short  black 
hairs;  tibiae  in  both  sexes  reddish  only  near  the  mid- 
dle ; style  one-half  the  length  of  the  third  joint ; claws 
white,  only  the  tips  black;  length  8-13  mm.  (Calif.). 

basingeri,  n.  sp. 

Fore  tarsi  normal  and  but  little  longer  than  the  fore  tibiae, 
with  fringes  of  long  yellowish  hairs  on  the  anterior 
and  posterior  sides ; tibiae  wholly  reddish ; style  one- 
third  the  length  of  the  third  joint;  claws  black,  the 
basal  one-half  yellowish-red ; length  12-16  mm.  (N. 
Mex. ) jemezi,  n.  sp. 

35  (33).  Hypopleural  pile  entirely  black;  abdominal  fasciae  nar- 

rowly interrupted  in  male,  entire  in  female ; wholly 
black  pilose  excepting  head  and  legs  and  a few  hairs 
on  the  sides  of  the  first  abdominal  segment  and  in  the 
female  the  propleura;  length  8-16  mm.  (Colo.,  N. 
Mex.,  Calif.,  Oreg.,  Wash.,  B.  C.,  Idaho)  (if  male  fore 
tarsi  is  silvery  pilose,  see  dubius  Will.). 

montanus  Loew 

Hypopleural  pile  mostly  or  entirely  white  (dimorphic 
females  of  montanus  ??)  36 

36  (35).  Hypopleural  hairs  entirely  white;  sternopleura  with  fine 

white  hairs;  fore  tibiae  blackish  or  piceous;  length 
8-10  mm.  (Calif.,  Oreg.,  Wash.,  B.  C.,  Idaho,  Colo., 

N.  Mex. ) leucozona  Loew 

Hypopleural  hairs  partly  black;  sternopleura  with  fine 
17' 


37  (32). 


38  (37). 


39  (38). 


40  (39). 


41  (37). 
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black  hairs;  all  the  tibiae  rather  pale  yellow;  length 

11-12  mm.  (Alta.)  albovarians  Curran 

Fore  tarsi  of  the  males  not  silvery  pilose  above ; fasciae  of 

abdominal  segments  2-4  entire  or  nearly  so  38 

Male  fore  tarsi  silvery  pilose  above ; fasciae  of  the  abdo- 
men rather  broadly  interrupted  on  all  segments  41 

Scutellum  gibbous,  as  high  as  long ; humeri,  lateral  mar- 
gins of  mesonotum  and  postalar  calli,  shining  black; 
mystax  black  in  both  sexes  with  a few  white  hairs 
intermixed  at  the  middle ; male  abdomen  black  pilose, 
female  white  excepting  base  of  first  segment ; male 
hind  legs  white  pilose  above  but  the  hairs  sparse, 

erect;  length  9-12  mm.  (Calif.)  longimanus  Loew 

Scutellum  convex  but  not  gibbous;  at  least  humeri  and 

lateral  margins  of  mesonotum  pollinose  39 

In  profile  the  antennae  situated  but  slightly  above  one- 
half  the  height  of  the  eyes ; male  hind  tibiae  with 
sparse  white  hairs;  mystax  of  male  entirely  and  of 
female  largely  black ; scutellar  hairs  entirely,  hypo- 
pleurals  of  male  largely  and  of  female  entirely  white ; 
face  at  antennae  five-eighths  the  width  of  one  eye ; 

length  12-14  mm.  (N.  Mex.,  Ariz.)  stenofrons,  n.  sp. 

In  profile  the  antennae  situated  at  two-thirds  the  height 
of  the  eyes ; male  hind  tibiae  with  dense  white  hairs 
above ; n^stax  of  both  sexes  largely  or  partly  white  . 40 
Male  hind  femora,  tibiae  and  tarsi  dorsalty  with  dense 
white  hairs ; mystax  largely  white  in  both  sexes ; polli- 
nose fasciae  of  abdominal  segments  2-5  entire  in  both 
sexes ; hypopleural  and  scutellar  hairs  black ; face  of 
male  three-fourths  and  of  female  four-fifths  the  width 
of  one  eye;  length  10-16  mm.  (B.  C.,  Wash.,  Oreg., 

Mont.,  Wyo.,  Colo.)  inversus  Curran 

Male  hind  femora  apically  and  the  hind  tibiae  with  a 
long,  dense,  erect  fringe  of  white  hairs,  tarsi  with 
similar  fringe  but  the  hairs  largely  black  on  segments 
1-3 ; mystax  largely  black  in  both  sexes ; pollinose 
fasciae  of  abdomen  interrupted ; hypopleural  and  scu- 
tellar hairs  black,  the  female  hypopleurals  white ; face 
of  male  five-sixths  and  of  female  four-fifths  the  width 

of  one  eye  ; length  10-12  mm.  (Calif.)  aldrichi,  n.  sp. 

Fore  tibiae  and  tarsi  of  male  with  sparse  white  pile  not 
concealing  the  light  yellowish-red  color  of  the  tarsi 
18 
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from  above ; hind  tibiae  black  haired  excepting  at  tip ; 
claAvs  broadly  yelloAvish  basally;  humeri  snbshining, 
the  central  stripe  of  mesonotum  and  the  intermediate 
spots  separated  by  pollen ; length  9-12  mm.  (Mont., 

Oreg.,  Utah)  rufotarsus  Back 

Fore  tibiae  and  tarsi  of  males  Avith  appressed  silvery 
AAdiite  pile  concealing  the  ground  color  of  at  least  the 
tarsi ; hind  tibiae  Avith  appressed  silvery  hairs  above ; 
humeri  and  adjacent  region  of  mesonotum  densely 
silvery-Avhite  pollinose,  the  blackish  presutural  spots 
confluent  Avith  the  central  stripe ; length  9-14  mm. 
(Oreg.,  Wash.)  ( tacomae  Mel.)  diibius  Williston 


424(31).  Scutellum  AAdiite  haired  43 

Scutellum  black  haired  44 


43  (42).  Legs  (except  coxae  and  trochanters)  chestnut,  usually 

darker  toAvard  the  base ; sides  of  the  abdomen  Avith 
AAdiite  hair,  rather  long  on  segments  1-3,  dorsum  Avith 
short,  fine,  sparse,  erect  black  hair;  Avings  of  male 
broAvn,  the  costal  and  first  basal  cells  quite  dark,  the 
basal  half  of  the  subcostal  cell  hyaline,  Avings  of  female 
hyaline,  clouded  Avith  brovm  along  crossveins  in  region 
of  discal  cell;  length  11.5-15  mm.  (Me.,  N.  H.,  Mass., 

N.  C.,  Que.,  Out..  X.  B.)  alleni  Back 

Legs  shining  black,  the  extreme  apices  of  the  femora, 
basal  fourth  of  the  tibiae,  and  base  of  each  tarsal  seg- 
ment reddish  or  deep  orange,  strongly  contrasting 
Avith  the  black;  abdomen  of  male  Avith  conspicuous 
orange  pile  on  the  third  and  folloAving  segments,  ab- 
domen of  female  Avith  the  orange  pile  less  conspicu- 
ous, much  shorter  laterally,  and  practically  limited  to 
segments  3-5 ; Avings  of  male  brovcnish  Avith  a dark 
spot  in  the  basal  part  of  the  marginal  cell,  Avings  of 
female  hyaline  Avith  a broAvnish  spot  in  the  marginal 
cell;  length  12-13.5  mm.  (N.  H.). 

laphriformis  Curran 

44  (42).  Mystax  Avith  more  (male)  or  less  (female)  golden  hair; 

liypopleural  hairs  yelloAAdsh  or  AAdiite ; femora  black, 

4 We  are  especially  indebted  to  Richard  Doav,  of  the  Boston 
Society  of  Natural  History,  for  revising  couplets  42  to  45  based  on 
specimens  of  all  five  species  AAdiich,  so  far  as  Ave  knoAv,  are  available 
onfy  in  the  collection  of  that  Society. 
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45  (44). 


46  ( 5). 

47  (46). 

48  (47). 


49  (48). 


50  (47). 


basal  half  of  the  tibiae  reddish,  abruptly  black  api- 
cally;  length  9-16  mm.  (N.  S.,  Que.,  Ont.,  Man., 
Alta.,  Me.,  N.  H.,  Yt.,  Mass.,  R.  I,  Conn.,  N.  Y,  N.  J., 

Fla.,  111.,  Wise.)  falto  Walker 

Mystax  without  golden  hair  45 

Hypopleural  hairs  black ; mystax  black  and  white,  all  the 
white  hair  on  the  upper  half  of  the  face;  legs  black; 
clouding  of  wings  gray;  silvery  and  brownish  prui- 
nosity  not  covering  large  areas  of  the  mesonotum; 
length  11  mm.  (Me.,  N.  H.,  N.  Y.,  N.  C.). 

lyratus  Osten  Sacken 
Hypopleural  hairs  white ; mystax  black  and  white,  the 
white  hair  not  confined  to  the  upper  half  of  the  face  ; 
basal  one-third  to  three-fourths  of  the  tibiae  chestnut ; 
clouding  of  wings  brown;  silvery  and  brownish  prui- 
nosity  covering  most  of  the  mesonotum;  length  8.5-10 

mm.  (Me.)  tenuis  Bromley 

Pollinose  fasciae  on  the  first  abdominal  segment  entire  . 47 
Only  the  sides  of  the  first  abdominal  segment  pollinose  54 

Mystax  entirely  black  48 

Mystax  largely  or  entirely  white  50 

The  femora  below  and  the  tibiae  and  tarsi  largely  red- 
dish; claws  white  with  black  tips;  pollinose  bands  on 
the  abdomen  extending  forward  along  the  lateral 
margins;  length  11-13  mm.  (Kans.,  Colo.,  N.  Mex.). 

profusus  Osten  Sacken 
Legs  entirely  black ; claws  black,  the  bases  reddish ; polli- 
nose bands  confined  to  the  posterior  margins  of  the 

segments  49 

Hairs  of  the  first  two  antennal  joints,  ocellar  tubercle, 
mesonotum,  scutellum,  mesopleura,  and  tibiae  white; 
bristles  of  femora  and  tibiae  largely  white ; segments 
1-5  of  abdomen  wuth  entire  posterior  gray  pollinose 
fasciae;  length  10  mm.  (Utah,  Wash.). 

swezeyi,  n.  sp. 

Hairs  mentioned  above,  black ; bristles  of  the  legs  entirely 
black;  pollinose  fasciae  on  abdominal  segments  4-5 
usually  interrupted;  length  7-12  mm.  (Calif.,  Oreg., 
Wash.)  (if  claws  white  with  black  tips,  see  nugator) . 

evidens  Osten  Sacken 
The  tibiae,  and  sometimes  the  femora  below,  reddish ; 
mystax  and  scutellar  hairs  entirely  white;  anterior 
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51  (50). 

52  (51). 

53  (51). 

54  (46). 

55  (54). 

56  (55). 


crossvein  beyond  the  middle  of  the  diseal  cell ; some- 
times all  margins  of  abdominal  segments  pollinose, 
leaving  only  the  disc  bare  of  pollen;  length  11-14  mm. 

(Oreg.,  Wash.,  B.  C.,  Idaho)  anomalies  Cole 

Legs  entirely  black ; mystax  below  and  on  the  sides  black ; 
usually  several  apical  black  bristles  intermixed  with 
the  white  hairs  on  the  scutellum;  anterior  crossvein 

before  the  middle  of  the  discal  cell  51 

Male  middle  tibiae  basally  and  its  metatarsi  with  a dense 
brush  of  white  hairs  on  the  front  side;  female  abdo- 
men if  largely  pollinose  with  a denuded  spot  at  the 

middle  of  each  segment  52 

Hairs  of  the  middle  tibiae  and  tarsi  of  the  males  evenly 
distributed ; segments  2-5  of  the  female  abdomen 

entirely  pollinose  except  the  anterior  angles  53 

Middle  part  of  the  abdominal  segments  denuded  of  pollen ; 

length  11  mm.  (Oreg.)  thompsoni  Cole 

Middle  part  of  the  abdominal  segments  entirely  pollinose 
but  with  a round  central  denuded  spot;  length  10-11 

mm.  (Wash.)  ablaut  aides  Melander 

Bristles  of  the  middle  and  hind  tibiae  largely  and  the 
posterior  bristles  on  the  fore  tibiae,  white ; male  ab- 
domen except  the  anterior  angles  of  the  segments 
pollinose?;  length  9-10  mm.  (Calif.,  Oreg.). 

rattus  Osten  Sacken 
Bristles  of  all  the  tibiae  largely  black;  segments  of  the 
male  abdomen  broadly  denuded  of  pollen  at  the 

middle;  length  9 mm.  (Wash.,  Oreg.,  Wyo.). 

caesius  Melander 

Pleura  largely,  sides  of  the  mesonotum,  and  the  scutellum 
entirely,  shining  black ; mystax  white  centrally  in 
the  male,  entirely  black  in  female ; length  7-8  mm. 

(Wash.)  nitidus  Cole 

Pleura,  sides  of  the  mesonotum,  and  the  scutellum  largely 

or  entirely,  pollinose  55 

The  tibiae  and  tarsi  and  at  least  the  femora  in  part, 

reddish  56 

Legs  entirely  black  57 

Legs  entirely  reddish ; sides  of  the  mystax  white,  the 
central  portion  black ; mesonotum  largely  shining 

black ; scutellar  hairs  white ; fasciae  of  abdomen  very 
broadly  interrupted;  claws  black,  the  very  narrow 
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57  (55). 


58  (57). 


59  (58). 


60  (57). 

61  (60). 


bases  reddish;  length  11-14  mm.  (Me.,  N.H.,  Mass., 

N.  C,  Que.,  Ont.,  N.  B.)  cilleni  Back 

Femora  largely  black,  sometimes  reddish  below;  meso- 
notum  largely  pollinose ; scutellar  hairs  black ; fasciae 
of  abdomen  very  narrowly  interrupted;  claws  white 
with  black  tips;  length  9-11  mm.  (Ariz.,  N.  Mex.). 

tibialis  Coquillett 

Posterior  margin  and  the  central  part  of,  or  the  entire 
disc  of  the  scutellum  pollinose ; face  in  profile  strongly 

gibbous  58 

Posterior  margin  of  the  scutellum  shining  black,  the  disc 

entirely  pollinose ; face  swollen  but  not  gibbous  60 

Gibbosity  of  the  face  very  large,  hemispherical;  abdomi- 
nal segments  1-6  of  males  with  interrupted  posterior 
fasciae,  segments  7-8  largely  and  the  genitalia  above 
gray  pollinose ; segments  2-6  of  female  abdomen  usu- 
ally with  entire  fasciae,  ver}^  broad  at  the  sides  and 
narrow  at  the  middle ; mystax  largely  white  in  male, 
entirely  black  in  female;  length  8-12  mm.  (Oreg., 

Wash.,  B.  C.,  Calif.)  infuscatus  Cole 

Facial  gibbosity  not  hemispherical;  segments  7-8  of  the 
male  abdomen  and  the  genitalia  not,  or  not  entirely, 
pollinose ; fasciae  of  female  abdomen  narrow  and 

interrupted  59 

Mesopleura  and  pteropleura  with  large  shining  black 
spots  below;  mystax  of  male  entirely  and  of  female 
largely  white;  abdomen  of  both  sexes  with  narrow 
posterior  fasciae  on  segments  2-6,  male  segments  7-8 
largely  pollinose;  length  7-10  mm.  (N.  S.,  Mass.,  N. 

Y.,  Md.,  Ya.)  lutatius  Walker 

Only  the  narrow  margin  below  of  the  mesopleura  and  the 
anterior  margin  of  the  pteropleura  shining  black ; 
mystax  of  both  sexes  largely  black,  a few  white  hairs 
intermixed  at  the  middle ; segments  2-6  of  abdomen 
with  broadly  interrupted  posterior  pollinose  fasciae, 
male  segments  7-8  shining  black ; length  9-11  mm. 

(Wash.,  Idaho,  B.  C.)  fumipennis,  n.  sp. 

Hypopleural  hairs  at  least  partly  black  61 

Hypopleural  hairs  entirely  white  65 

Hypopleural  hairs  partly  white ; face  of  males  subshin- 
ing black,  with  a transverse  spot  of  pollen  below  the 
antennae  62 
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Hypopleural  hairs  entirely  black ; face  of  the  males 
entirely  whitish  or  grayish  pollinose  64 

62  (61).  Mesonotnm  before  the  sutnre  largely  dull  black;  wings 

infnscated  all  over;  face  narrow,  not  quite  two-thirds 
the  width  of  one  eye;  length  7-8  mm.  (Calif.,  Oreg., 
Wash.,  Idaho). 

( positivus  0.  S.)  rejectus  Osten  Sacken 
Mesonotum  largely  pollinose;  wings  largely  hyaline  63 

63  (62).  Face  at  the  antennae  five-sixths  the  width  of  one  eye; 

front  and  anterior  portion  of  the  mesonotnm  whitish 
pollinose;  wings  hyaline;  length  8-10  mm.  (Calif., 

Oreg.,  Wash.)  sudator  Osten  Sacken 

Face  about  two-thirds  the  width  of  one  eye;  front  and 
mesonotnm  largely  grayish  pollinose;  wings  with  a 
small  brown  cloud  at  the  apex  of  the  first  vein; 
length  9-11  mm.  (Calif.)  curtipennis,  n.  sp. 

64  (61).  Mystax  broadly  white  in  the  middle  in  the  males,  in  the 

females  partly  white;  first  antennal  joint  slightly 
shorter  than  the  second ; males  with  narrow  anterior 
pollinose  fasciae  on  abdominal  segments  3-4;  length 

8-10  mm.  (Calif.,  Oreg.,  Wash.)  vanduzeei,  n.  sp. 

Mystax  black,  a few  of  the  hairs  below  white  at  the  tips ; 
first  antennal  joint  longer  than  the  second;  male  ab- 
domen without  anterior  pollinose  fasciae  on  segments 
3-4;  length  7.5-10  mm.  (Wash.,  Oreg.). 

rainieri,  n.  sp. 

65  (60).  Scutellar  hairs  largely  white ; pollinose  bands  of  the  ab- 

domen extending  forward  along  the  sides  of  the  seg- 
ments; mystax  entirely  black;  length  9-11  mm. 

(Idaho,  Utah)  idahoensis,  n.  sp. 

Scutellar  hairs  black ; pollinose  bands  of  the  abdomen  not 
extending  forward  along  the  sides  of  the  segments  .66 


66  ( 65 ) . Wings  clear  hyaline  67 

Wings  tinged  with  brown  69 


67  (66).  Claws  white  with  black  tips;  hairs  of  the  tibiae  in  both 

sexes  black;  male  genitalia  black  haired;  fasciae  on 
abdominal  segments  2-3  usually  entire ; length  7-11 

mm.  (Calif.,  Oreg.,  Wash.)  nugator  Osten  Sacken 

Claws  black,  the  bases  reddish;  at  least  the  hairs  of  the 
male  hind  tibiae  white ; male  genitalia  white  haired  ...68 

68  (67).  Hind  tibiae  of  both  sexes  white  haired;  fasciae  on  abdo- 

minal segments  2-3  entire  or  nearly  so ; style  of  the 
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antennae  longer  than  the  width  of  the  second  joint; 
length  7-12  mm.  (Wash.,  Oreg.,  Calif.,  B.  C.,  Idaho, 

Mont.,  Wyo.,  Colo.,  Utah)  banksi,  n.  sp. 

Male  hind  tibiae  white  haired;  female  black  haired;  fas- 
ciae on  all  abdominal  segments  decidedly  interrupted ; 
style  of  the  antennae  shorter  than  the  width  of  the 
second  joint;  length  9-10  mm.  (Alta.). 

sansoni  Curran 

69  (66).  The  central  stripes  and  the  intermediate  spots  of  the 

mesonotum  dark  brown,  prominent;  wings  uniformly 
infuscated;  face  at  the  antennae  five-sevenths  the 
width  of  one  eye;  length  9-10  mm.  (Calif.,  Oreg., 

Wash.,  Idaho)  §2  reject  us  Osten  Sacken 

The  central  stripes  and  intermediate  spots  of  the  meso- 
notum obscurely  brown;  wings  lightly  infuscated  70 

70  (69).  Front  and  anterior  portion  of  the  male  mesonotum 

densely  silvery- white  pollinose ; fasciae  on  all  abdomi- 
nal segments  broadly  interrupted ; females,  front  and 
anterior  portion  of  mesonotum  densely  grayish  polli- 
nose, face  at  the  antennae  six-sevenths  the  width  of 
one  eye;  hairs  of  the  hind  tibiae  black  in  both  sexes; 

length  8-10  mm.  (Idaho,  Oreg.)  albifrons,  n.  sp. 

Front  and  anterior  portion  of  the  mesonotum  of  both 
sexes  dull  yellowish  pollinose;  fasciae  on  the  second 
abdominal  segment  entire  or  nearly  so ; females,  face 
at  the  antennae  five-sevenths  the  width  of  one  eye, 
hairs  of  the  hind  tibiae  white,  of  male  black;  length 
10-11  mm.  (Ariz.)  beameri,  n.  sp. 

DESCRIPTIONS  OF  THE  SPECIES 

The  manuscript  at  first  was  written  with  complete  descriptions 
of  all  the  species.  As  these  descriptions  in  most  cases  are  quite 
long,  a manuscript  of  more  than  200  pages  evolved.  A number  of 
persons  were  consulted  and  although  they  all  agreed  that  it  was 
very  desirable  to  have  the  descriptions  of  all  the  species  under  one 
cover,  in  the  interest  of  economy  the  earlier  descriptions  have  been 
eliminated.  This  elimination  is  not  as  serious  as  it  might  be,  as 
the  descriptions  of  the  previously  described  species  are  quite  easily 
obtained.  Back’s  monograph  contains  descriptions  of  all  the 
species  described  previous  to  1909,  and  the  descriptions  of  the 
remaining  species  are  scattered  in  only  nine  other  papers. 

In  addition  to  the  description  of  the  new  species,  the  unde- 
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scribed  sex  (usually  the  female)  of  a number  of  species  has  been 
described;  C.  maculipennis  Macq.,  recently  reported  from  Canada, 
is  described  from  European  material  at  hand;  and  the  complete 
references  and  distribution  of  all  species  are  given.  No  attempt 
has  been  made  to  include  short  descriptions  of  the  species,  as  these 
would  largely  be  but  a repetition  of  the  characters  used  in  the 
synopsis  and  key.  Notes  on  relationship  are  given  and  characters 
not  previously  emphasized  are  mentioned  occasionally. 

Cyrtopogon  marginalis  Loew 

Cyrtopogon  marginalis  Loew,  Cent.,  VII,  60,  1866. 
Crytopogon  marginalis  Loew,  Berl.  Ent.  Zeit.,  365,  1874. 
Crytopogon  marginalis  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35, 
p.  267-268,  1909. 

Cyrtopogon  marginalis  Curran,  Can.  Ent.,  v.  55,  p.  141-142, 
1923. 

Cyrtopogon  marginalis  Melander,  Psyche,  v.  30,  p.  103,  1923. 
Cyrtopogon  marginalis  Curran,  Can.  Ent.,  v.  56,  p.  280,  1924. 
Back  gives  the  following  distribution:  Canada;  White  Mts., 
N.  H. ; Springfield,  Mass.  (G.  Dimmock)  ; New  Haven,  Conn.,  May 
15;  Catskill  Mts.,  N.  Y. ; N.  J.  (Smith  Cat.)  ; N.  J.,  May  10  (E. 
Daecke)  ; Virginia.  Curran  (1923)  redescribes  both  sexes  and 
records  it  from  Walpole,  Mass.,  V-26  ’08  (C.  W.  Johnson),  and 
Sharon,  Mass.,  V-20  ’08  (C.  W.  Johnson).  Melander  in  addition 
records  it  from  North  Carolina.  Curran  (1924)  records  it  from 
Lake  Nipigon,  northern  Ontario,  July  1922  (Bigelow).  Specimens 
are  at  hand  from  the  following  localities: 

Mass.:  N.  Beading,  VI-10  ’04  (C.  W.  Johnson);  Sherborn, 
VI-4  and  11  ’16  (C.  A.  Frost)  ; Walpole,  V-26  ’08  (C.  W.  Johnson). 
N.  J. : Camden,  V-4  ’12  (M.  C.  Van  Duzee).  N.  Y. : Babylon, 
L.  I.,  IX-1  ’34  (Blanton  and  Borders). 

See  note  under  longimanus. 

Cyrtopogon  longimanus  Loew 

Cyrtopogon  longimanus  Loew,  Berl.  Ent.  Zeit.,  360,  1874. 
Cyrtopogon  longimanus  Osten  Sacken,  West.  Dipt.,  303,  1877. 
Cyrtopogon  longimanus  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35, 
p.  278-280,  1909. 

Cyrtopogon  longimanus,  Melander,  Psyche,  v.  30,  p.  107,  1923. 
Osten  Sacken  records  this  species  from  San  Bafael,  Marin 
County,  Calif.,  May  31;  Back,  from  San  Francisco,  Calif.  (H. 
Edwards),  and  from  Vernon,  British  Columbia;  and  Melander,  in 
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addition,  from  Washington.  Two  of  Osten  Sacken ’s  specimens 
were  kindly  loaned  to  the  writers  by  Nathan  Banks,  and  specimens 
have  been  seen  from  the  following  locality : 

Calif.:  Mokel  Hill  (F.  E.  Blaisdell). 

Although  the  third  antennal  joint  is  not  definitely  yellowish 
red,  but  somewhat  reddish  in  all  specimens  seen,  we  have  grouped 
this  species  with  marginalis.  These  two  species  differ  from  all 
others  by  the  extreme  convexity  of  the  scutellum,  which  is  as  high 
as  long,  and  in  the  sharply  limited  shining  lateral  margins  of  the 
mesonotum  including  the  humeri  and  postalar  calli.  It  appears 
doubtful  if  the  species  is  found  elsewhere  than  in  California,  the 
records  for  Washington  and  British  Columbia  probably  referring 
to  inversus  Curran,  to  which  it  is  most  closely  related  if  the  third 
antennal  joint  is  to  be  considered  black.  We  have  included  it  at 
both  places  in  the  key  so  as  to  prevent  any  confusion  on  this  point. 

Cyrtopogon  princeps  Osten  Sacken  (Plate  III) 

Cyrtopogon  princeps  Osten  Sacken,  West.  Dipt.,  p.  302,  1877. 

Cyrtopogon  cretaceus  Osten  Sacken,  ibid.,  p.  302-303. 

Cyrtopogon  princeps  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35, 
p.  273-274,  1909. 

Cyrtopogon  cretaceus  Back,  ibid.,  p.  287-288. 

Cyrtopogon  princeps  Cole,  Proc.  Calif.  Acad.  Sci.,  4th  series, 
v.  9,  p.  234-235,  1919. 

Cyrtopogon  cretaceus  Melander,  Psyche,  v.  30,  p.  104,  1923. 

Cyrtopogon  princeps  Melander,  ibid. 

Described  from  Webber  Lake,  Sierra  Nevada,  Calif.,  July  22. 
Osten  Sacken  says  of  C.  cretaceus : ‘‘This  species,  like  C.  princeps , 
has  the  ungues  whitish,  with  black  tips;  both  species  were  found 
in  the  same  locality;  they  are  too  different,  however,  to  be  taken, 
without  further  evidence,  for  the  sexes  of  the  same  species.”  Cole 
describes  a specimen  from  McKenzie  Ridge,  Oreg.,  elevation  6,000 
feet,  VTII-1  ’09,  as  the  female  of  princeps  and  records  specimens 
from  Mt.  Jefferson  (J.  C.  Bridwell),  and  Horse  Lake,  elevation 
6,000  feet,  VII-25  ’09.  Large  numbers  of  specimens  of  both  sexes 
have  been  collected  in  diverse  localities  associated  together,  and 
although  none  have  been  taken  in  copula,  there  seems  to  be  no 
doubt  but  that  they  are  the  sexes  of  the  same  species.  The  face  is 
broad,  in  the  males  seven-eighths  the  width  of,  and  in  the  females 
equal  to  the  width  of,  one  eye.  Specimens  are  at  hand  from  the 
following  localities: 

Calif.:  Gold  Lake  Camp,  Plumas  County,  VII-19  ’16  (H.  G. 
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Dyar).  Oreg.  : Crater  Lake,  VI-21  ’24  (C.  L.  Fox)  ; Hood  River, 
VI-8  ’17  (L.  Childs)  ; Homestead  Inn,  Mt.  Hood,  VII-6  ’27  (E.  C. 
Van  Dyke)  ; Horse  Lake,  elevation  6,000  feet,  VII-25  ’09  (J.  C. 
Bridwell)  ; Mt.  Hood,  elevation  3,000-6,000  feet,  VI-22  ’25  (Van 
D}dte)  ; Mt.  Hood,  VII-18  ’31  (R.  H.  Beamer)  ; Mt.  Hood,  Cloud 
Cap  Inn,  elevation  6,000-7,000  feet,  VII-6  ’30  (II.  A.  Scullen)  ; 
Mt.  Hood,  Sherwood  Forest  Camp,  VI-29  ’30,  VI-26  ’32,  VII-17 
’33  (J.  Wilcox)  ; Sky  Line  Trail,  above  Frog  Camp,  Three  Sisters, 
elevation  5,500  feet,  VII-19  ’27  (H.  A.  Scullen)  ; Subalp ine 
Regions,  Mt.  Jefferson,  VII-20  ’07  (J.  C.  Bridwell).  AVash.  : Mt. 
Adams,  elevation  6,000  feet,  VII-3  ’25  (M.  C.  Lane  and  E.  C.  Van 
Dyke),  VIII-17  ’32  (A.  R.  Rolfs)  ; Mt.  Rainier,  White  River  Camp, 
VI-3  to  VIII-5  ’33,  VI-17  ’34  (C.  H.  and  D.  Martin,  Itol  J.  and  J. 
Wilcox)  ; Signal  Peak,  VII-2  ’33  (Martin),  VII-20  ’33  (P.  M.  Eide), 
and  VI-21  ’35  (S.  E.  Crumb  and  AVilcox). 

Cyrtopogon  vandykei,  n.  sp.  (Plate  III). 

Male : Length  12  mm.  Head  black,  face  thinly  grayish- 
yellow  pollinose,  subshining;  front  densely  golden  pollinose; 
occiput  gray  pollinose.  Mystax  light  yellowish  white  on  the 
upper  two-thirds,  lower  one-tliircl  black;  hairs  of  the  front 
ocellar  tubercle,  upper  occiput,  the  entire  eye  margin,  first 
two  antennal  joints,  and  the  second  palpal  joint  black;  beard 
and  hairs  of  proboscis  and  the  first  palpal  joint  white.  First 
two  antennal  joints  and  the  style  black ; the  third  dull  yellow- 
ish-red; first  joint  nearly  twice  as  long  as  the  second  but 
narrower ; the  third  very  slender,  coarctate,  1^  times  the 
length  of  the  first  two  joints  together;  style  slightly  more  than 
one-half  the  length  of  the  third  joint. 

Thorax  largely  shining  black,  the  humeri  yellowish  pol- 
linose; the  narrow  lateral  margins,  the  transverse  suture,  and 
the  area  behind  the  humeri  and  between  the  humeri  and  the 
central  stripe  golden-brown  pollinose.  Hairs  of  mesonotum 
and  scutellum  entirely  black,  no  bristles  present.  Scutellum 
largely  shining  black,  base  rather  broadly  golden-brown  pol- 
linose. Pleura  golden  pollinose,  hairs  of  the  propleura  and 
neck  white ; remainder  of  the  hairs  black,  those  on  the  meso- 
pleura  rather  long  and  dense. 

Abdomen  entirely  shining  black  and  black  haired  except- 
ing some  lighter  hairs  on  the  venter  at  the  base,  hairs  on  the 
sides  of  the  first  three  segments  longer  than  on  the  remaining 
segments;  segments  3-5  with  broadly  interrupted  posterior 
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gray  pollinose  fasciae.  Genitalia  very  large,  shining  black 
and  black  haired,  a few  short  pale  hairs  at  apex;  surstyli 
longer  than  segments  5-7  together,  and  with  a rounded  pro- 
jection on  the  inner  side  near  the  middle. 

Legs  including  coxae  shining  black;  bristles  black;  claws 
narrowly  reddish  at  base,  otherwise  black;  pulvilli  brown; 
empodium  black.  Hairs  of  the  coxae  white,  of  the  fore  and 
middle  legs  entirely  black  excepting  a few  lighter  hairs  basally 
on  the  femora  and  the  usual  short  golden  pile  on  the  anterior 
side  of  the  fore  tibiae  and  below  on  the  tarsi.  Hind  legs  anteri- 
orly and  dorsally  yellowish- white  haired;  posteriorly  largely 
black  haired.  Fore  tarsi  elongate,  basitarsi  one-half  the  length 
of  the  fore  tibiae,  all  the  joints  together  1.35  times  the  length 
of  the  tibiae. 

Halteres  dark  brown.  Wings  quite  uniformly  brown,  the 
auxiliary  cell  entirely  dark  brown,  some  lighter  spots  in  the 
posterior,  discal,  basal,  and  anal  cells ; veins  dark  brown, 
anterior  crossvein  at  one-sixth  the  length  of  the  discal  cell, 
anal  cell  narrowly  open. 

Female : Length  14  mm.  Differs  from  male  as  follows : 
Face  and  front  grayish-yellow  pollinose.  The  central  stripe 
and  lateral  spots  of  the  mesonotum  brown  pollinose,  subshin- 
ing, instead  of  shining  black  as  in  the  male,  remainder  of 
pollen  golden  brown ; humeri  yellowish-gray  pollinose ; two 
weak  black  presutural  bristles.  Abdomen  black,  segments  2-5 
with  broadly  interrupted  posterior  gray  pollinose  fasciae; 
hairs  on  the  first  five  segments  brown  with  white  tips,  hairs 
on  the  sixth  and  remaining  segments  short,  sparse,  white; 
apical  spines  brown.  Legs  black,  hair  similar  to  that  of  male 
but  light  hairs  on  hind  legs  not  as  dense  or  as  conspicuous  as 
in  the  male;  hairs  and  bristles  posteriorly  on  the  fore  and 
middle  tibiae  long,  rather  abundant  and  quite  conspicuous, 
more  so  than  in  the  male.  Fore  tarsi  not  as  long  as  in  the 
male,  1.1  times  the  length  of  the  fore  tibia.  Wings  very  light 
brownish,  slightly  darker  around  the  anterior  crossvein  and 
in  subcostal  cell. 

Holotype : Male,  Forest  Home,  San  Bernardino  County,  Calif., 
VI-11  ’28  (E.  C.  Van  Dyke)  ; in  the  California  Academy  of 
Sciences. 

Allotype:  Female,  same  data,  VI-19  ’28;  in  the  California 
Academy  of  Sciences. 

Paratype : female  same  data,  VI-12  ’28;  in  the  California 
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Academy  of  Sciences;  differs  from  the  allotype  in  that  the  hairs 
of  the  abdomen  are  largely  white. 

It  gives  the  writers  pleasure  to  name  this  species  in  honor  of 
the  collector,  Dr.  E.  C.  Van  Dj^ke,  who  has  added  much  to  the 
knowledge  of  Western  Diptera  by  material  collected  on  his  numer- 
ous and  extensive  trips. 

The  face  in  both  sexes  is  about  three-fourths  the  width  of  one 
eye. 

Cyrtopogon  perspicax  Cole 

Cyrtopogon  perspicax  Cole,  Proc.  Calif.  Acad.  Sci.,  4th  series, 
v.  11,  no.  7,  pp.  233-234,  1919. 

Cyrtopogon  perspicax  Melander,  Psyche,  v.  30,  p.  104,  1923. 
Cyrtopogon  perspicax  Cole,  Pan-Pac.  Ent.,  v.  1,  p.  10,  1924. 

Described  from  specimens  of  both  sexes  taken  at  Hood  River, 
Oreg.,  May  15,  1917,  May  29,  1917,  and  in  June  (F.  R.  Cole).  In 
1924  Cole  records  it  from  Muir  Woods,  Marin  County,  Calif.,  May 
9,  1920  (E.  C.  Van  Dyke).  Specimens  are  at  hand  from  the  fol- 
lowing localities : 

Oreg.  : Corvallis,  V-27 ; Mosier,  VI-14  (L.  Childs)  ; Linn  County, 
V-24  ’19  (A.  L.  Lovett)  ; Alsea  (J.  E.  Davis)  ; and  Salem,  V-22 
’28  (H.  L.  Griepentrog) . 

The  convexity  of  the  scutellum  is  nearly  as  extreme  as  in  mar- 
ginalis  and  longimanus,  especially  in  the  females. 

Cyrtopogon  aurifex  Osten  Sacken  (Plate  III) 

Cyrtopogon  aurifex  Osten  Sacken,  West.  Dipt.,  p.  301-302, 
1877. 

Cyrtopogon  aurifex  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 
272-273,  1909. 

Cyrtopogon  aurifex  Curran,  Can.  Ent.,  v.  55,  135-136,  1923. 
Cyrtopogon  aurifex  Melander,  Psyche,  v.  30,  p.  104,  1923. 

Described  from  Webber  Lake,  Sierra  Nevada,  Calif.,  July  22. 
Curran  redescribes  the  male  from  Vancouver  Island,  British  Co- 
lumbia, June  4,  1888  (G.  W.  Taylor)  ; Melander  in  addition  records 
it  from  Washington.  Specimens  are  at  hand  from  the  following 
localities : Calif.  : Gold  Lake,  Sierra  County,  VII-2  and  6 ’34 
(L.  S.  Rose).  Oreg.:  Marys  Peak,  VII-12  ’31  (Noel  Larson). 
Wash.  : Mt.  Adams,  Clearwater,  VII-22  ’34  (Wm.  W.  Baker)  ; Mt. 
Adams,  Signal  Peak,  VII-25  ’25  (M.  C.  Lane),  and  VII-16  ’33 
(J.  Wilcox). 
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Cyrtopogon  auratus  Cole  (Plate  III) 

Cyrtopogon  auratus  Cole,  Proc.  Calif.  Acacl.  Sci.,  4tli  series 
v.  9,  no.  7,  p.  230,  1919. 

Cyrtopogon  albitarsis  Curran,  Can.  Ent.,  v.  54,  p.  278-279, 

1922. 

Cyrtopogon  albitarsis  Curran,  Can.  Ent.,  v.  55,  p.  133-135. 

1923. 

Cyrtopogon  albitarsis  Melander,  Psyche,  v.  30,  p.  103,  1923. 
Cyrtopogon  auratus  Melander,  ibid.,  p.  104. 

Cyrtopogon  albitarsis  Curran,  Can.  Ent.,  v.  56,  p.  279,  1924. 
Cole  described  auratus  from  a single  male  from  Joseph,  Oreg. 
Curran  described  albitarsis  from  two  males  taken  at  Banff,  Alberta, 
July  17,  1916  (C.  G.  Hewitt),  and  July  23,  1909  (N.  B.  Sanson). 
Curran  (1924)  describes  the  female  from  specimens  as  follows: 
Yellowstone  Park,  Cascades,  “Y.  R”  [Yellowstone  River?].  July 
22,  1923  (A.  L.  Melander)  and  Waterton  Lakes,  Alberta,  July  1, 
1923  (J.  McDunnough).  The  specimen  described  by  Curran 
(1923)  as  the  female  of  albitarsis,  he  designated  as  the  type  of  a 
new  species,  albovarians,  in  1924.  The  above  synonymy  appears 
to  be  necessary.  Specimens  from  Oregon  were  compared  with  the 
tj^pe  of  albitarsis  by  G.  Stuart  Walley,  and  with  the  type  of  auratus 
by  E.  P.  Van  Duzee,  and  pronounced  identical.  Large  series  of 
specimens  are  at  hand  from  the  following  localities : Alberta  : 
Banff,  VII-9  ’24  (Eric  Hearle).  Idaho:  Long  Valley,  Alpha,  V-27 
to  VII-1  ’34  (C.  H.  and  D.  Martin).  Oreg.  : Strawberry  Mt.,  Grant 
County,  elevation  8,600  feet,  VIII-23  to  31  ’32  (D.  K.  Prewing)  ; 
Wallowa  Lake,  elevation  4,500-5,500  feet,  VII-27  ’29  (H.  A.  Scul- 
len).  Utah:  Uinta  Mts.,  Tryol  Lake  (G.  L.  Hayward  and  J.  C. 
Fletcher);  Uinta  Mts.,  VI-26  (V.  M.  Tanner).  Wash:  Mt. 
Spokane,  VII-2  ’30  (J.  M.  Aldrich).  Wvo. : Sylvan  Pass,  Yellow- 
stone Park,  VI-18  ’30  (E.  C.  Van  Dyke). 

Cyrtopogon  auripilosus,  n.  sp.  (Plate  III) 

Male : Length  10  mm.  Face  and  occiput  yellowish-gray 
pollinose ; the  front,  ocellar  tubercle,  vertex  and  occiput  light 
golden-brown  pollinose ; palpi  and  proboscis  black.  Mystax 
yellow,  the  hairs  on  the  oral  margin  and  a single  row  on  either 
side  black;  hairs  of  front,  ocellar  tubercle,  vertex,  upper  occi- 
put, along  the  eye  margin  below,  and  on  the  second  joint  of 
the  palpi  black ; beard  white ; hairs  of  proboscis  and  first  joint 
of  the  palpi  yellowish.  First  two  antennal  joints  black,  the 
first  longer  than  the  second,  with  black  hairs ; third  joint 
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yellowish  red,  broadest  slightly  beyond  the  middle,  1^  times 
the  length  of  the  first  two  joints  together;  style  black,  one- 
fourth  length  of  the  third  joint. 

Mesonotum  golden-brown  pollinose,  the  central  stripe  dull 
brown  bisected  by  a golden-brown  line;  a large  round  pre- 
sutural  spot  on  each  side,  subshining  brownish  black ; postalar 
calli  and  posterior  margin  shining  black.  Hairs  erect,  fine, 
black;  bristles  black,  2 presuturals,  3 supra-alars,  and  4 post- 
alars.  Scutellum  convex,  shining  black  with  a transverse  spot 
of  golden  pollen  at  base;  hairs  long,  black.  Pleura  and  coxae 
subshining,  yellowish-gray  pollinose ; pronotal  hairs  white,  the 
remainder  yellowish  excepting  the  long  hypopleurals  and  the 
shorter  mesopleurals  and  sternopleurals,  black. 

Abdomen  shining  black,  segments  2-4  with  a complete 
posterior  pollinose  band,  wider  and  golden  at  the  middle,  nar- 
row and  yellowish  laterally,  a very  small  spot  of  golden  pollen 
on  the  posterior  corner  of  the  fifth  segment.  Hairs  on  the 
sides  of  the  first  segment  long  golden-yellow,  on  the  dorsum 
short,  sparse,  yellowish ; segments  2-4  with  dense  golden-yellow 
hairs,  crinkly,  recumbent  on  the  dorsum,  longer  and  more 
erect  on  the  sides;  segments  5-7  short,  carinate  dorsally,  seg- 
ment 5 entirely  covered  with  dense  recumbent  black  hairs, 
segments  6-7  with  shorter,  sparse  black  hairs  on  the  sides,  the 
dorsum  shining  blue-black.  Genitalia  shining  black,  with  short 
black  hairs. 

Femora  black;  tibiae  excepting  apical  one-third,  which  is 
black,  reddish;  the  tarsi  reddish,  the  fore  ones  yellowish-red; 
basal  half  of  the  claws  reddish,  black  apically;  pulvilli  and 
empodium  reddish.  Bristles  black ; hairs  black,  the  femora 
below  basally  with  yellowish  hairs ; fore  tibiae  and  tarsi  anteri- 
orly, the  hind  tibiae  at  the  apex,  and  the  metatarsi  posteriorly 
with  the  usual  short  golden  pile ; the  fore  tibiae  posteriorly 
with  a short  fringe  of  recumbent  white  hairs,  dorsally  with 
quite  numerous  short,  black  bristles;  fore  tarsi  with  similar 
white  hairs  posteriorly,  part  of  the  bristles  dorsally  and  pos- 
teriorly whitish ; middle  tibiae  and  tarsi  with  short  white  hairs 
dorsally. 

Knob  of  halteres  yellowish  white,  base  and  stem  brown. 
Wings  infuscated  with  brown  clouds  at  the  base  and  apex  of 
the  discal  cel],  at  the  base  of  the  fourth  and  fifth  posterior  cells, 
on  the  anterior  crossvein,  and  at  the  base  of  the  first  and 
second  submarginal  cells;  veins  brown,  anterior  crossvein  at 
about  one-third  the  length  of  the  discal  cell. 
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Female:  Length  13  mm.  Similar.  Upper  hairs  of  mystax 
light  yellowish  and  with  more  black  hairs  intermixed.  Abdom- 
inal segments  2-4  with  complete  posterior  grayish-yellow 
pollinose  fasciae,  segments  1 and  5 with  less  distinct  broadly 
interrupted  fasciae,  segments  6-8  entirely  black,  apical  spines 
brown;  all  segments  with  erect  yellowish  hairs,  long  on  seg- 
ments 1-2,  somewhat  shorter  on  3-4,  and  very  short  on  the 
remaining.  Pore  and  middle  tibiae  and  tarsi  with  black  hairs 
and  bristles.  Halteres  reddish  brown. 

Holotype : Male,  Mt.  Rainier,  Wash.,  White  River  Camp,  IX-4 
’32  (J.  Wilcox)  ; deposited  in  the  California  Academy  of  Sciences. 

Allotype:  Female,  same  data,  VIII-28  ’32  (Itol  J.  Wilcox); 
deposited  in  the  California  Academy  of  Sciences. 

Paratypes:  More  than  150  specimens  of  both  sexes  from  the 
type  locality,  VII-30  to  IX-4  ’32,  VII-30  ’33,  VI-17  and  VIII-10 
’34,  and  VII-20  to  VIII-10  ’35  (Wm.  W.  Baker,  A.  E.  Bonn,  S.  E. 
Crumb,  Jr.,  Itol  J.  and  J.  Wilcox,  and  C.  H.  and  D.  Martin),  and 
Mt.  Rainier,  Wash.,  Sunrise,  elevation  6,400  feet,  VIII-27  ’32  and 
VIII-5  to  10  ’35,  (J.  Wilcox). 

Cyrtopogon  pulcher  Back 

Cyrtopogon  pulcher  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 

274-275,  1909. 

Cyrtopogon  pulcher  Melander,  Psyche,  v.  30,  p.  103,  1923. 

This  species  was  described  from  a single  male  specimen  taken  at 
Palmer  Lake,  Colo.,  July  10.  The  female  is  described  below: 

Female:  Length  14  mm.  Very  similar  to  male.  Mystax 
largely  black  with  a few  finer  yellowish  hairs  scattered  in  the 
middle.  Hairs  of  vertex,  front,  ocellar  tubercle,  upper  occiput 
and  around  the  border  of  the  eyes,  the  first  two  antennal 
joints,  and  the  second  palpal  joint  black;  beard,  hairs  of  the 
first  palpal  joint,  and  the  proboscis  white.  Third  antennal 
joint  yellowish-red  but  somewhat  darkened  apically. 

Hairs  of  the  prothorax  and  coxae  white,  of  the  mesopleura 
black ; a few  yellowish  hairs  on  the  sternopleura  mixed  in  with 
the  black,  hypopleural  tuft  slightly  more  than  one-half  yellow- 
ish, the  remainder  black.  Hairs  of  the  mesonotum  and  scutel- 
lum  black.  Thorax  black  with  pollinose  markings  as  described 
for  the  male. 

Abdomen  brown  (probably  slightly  teneral)  shining;  the 
second  to  fourth  segments  with  complete  posterior  pruinose 
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fasciae,  the  first  with  a trace  of  pollen  at  the  sides  and  the  fifth 
with  a broadly  interrupted  posterior  fascia  although  there  are 
touches  of  pollen  which  indicate  that  the  pollen  might  extend 
all  the  way  across  the  segment;  sixth  to  eighth  segments  en- 
tirety shining.  Hairs  entirety  white  or  yellowish-wliite,  long 
on  the  sides  of  the  first  two  segments,  somewhat  shorter  on  the 
third,  and  quite  short  and  more  yellowish  on  the  remaining 
segments.  Apical  spines  brown. 

Femora  black;  tibiae  and  tarsi  reddish,  the  tibiae  with  the 
apical  one-fourth  black;  the  last  tarsal  joint  darker  than  the 
others.  Hairs  below  and  011  the  posterior  side  of  the  femora 
long,  yellowish,  otherwise  largely  black ; hairs  of  the  tibiae  and 
tarsi  black,  excepting  the  short  yellow  pile  below  on  the  tarsi, 
on  the  anterior  side  of  the  fore  tibiae,  and  at  the  tip  on  the 
posterior  side  of  the  hind  tibiae;  bristles  all  black.  Claws 
reddish  brown  at  base,  with  black  tips;  empodium  reddish 
brown ; pulvilli  brown. 

Halteres  light  yellowish,  only  the  base  and  lower  stem 
brown.  Wings  more  or  less  uniformly  covered  with  gray 
villi ; the  discal,  costal,  and  first  basal  cells  largely  clear  hya- 
line ; veins  dark  brown,  anterior  crossvein  at  two-ninths  the 
length  of  the  discal  cell. 

Described  from  a female  specimen  taken  at  Long’s  Peak  Inn, 
Colo.,  elevation  9,000  feet,  VII-15  ’26  (E.  C.  Van  Dyke)  ; in  the 
California  Academy  of  Sciences.  A male,  same  data,  agrees  very 
closely  with  Back’s  description.  Additional  specimens  are  at  hand 
as  follows:  Colo.:  Boulder,  Verde  “Past.”  [Pasture?  Pass?], 
VII-16  ’33  (M.  T.  James)  ; Horseshoe  Park,  RMNP,  VII-6  ’33 
(Helen  Rodeck)  ; Roan  Mts.,  above  Ute  trail,  July  (Cockerell). 
Ariz.  : Pinal  Mts.,  Gila  County,  July  (D.  K.  Duncan).  Utah: 
Mt.  Timpanogas,  VII-30  ’33  (G.  P.  Engelhardt).  This  speci- 
men, a male,  differs  from  the  typical  form  in  lacking  the  posterior 
fringe  of  white  hairs  on  the  fore  tibiae  and  tarsi,  in  having  the  fore 
tarsi  reddish  instead  of  yellowish,  and  in  having  the  last  joint 
largely  black.  This  may  prove  to  be  a distinct  species  when  more 
material  is  collected. 

See  note  under  glarealis. 

Cyrtopogon  glarealis  Melander 

Cyrtopogon  glarealis  Melander,  Psyche,  v.  30,  p.  113-114,  1923. 
Described  from  specimens  of  both  sexes  taken  at  Wolf  Fork, 
Touchet  River,  Blue  Mountains,  Wash.,  July  12-20,  1922  (V. 
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Argo).  Specimens  are  at  hand  from  the  following  localities: 
Oreg.  : Wallowa  Lake,  Aneroid  Lake  Trail,  elevation,  6,200  feet, 
VI-22  and  27  ’29  (H.  A.  Scullen)  ; Haines,  VII-10,  ’31  (R.  H. 
Beamer).  Wash.:  Spokane,  VI-24  ’30  (J.  M.  Aldrich).  British 
Columbia:  Salmon  Lake,  Nicola  District,  VI-29  ’30  (Eric  Hearle). 
Idaho:  Gold  Hill,  Latah  County,  VII-27  ’27  (J.  M.  Aldrich)  ; Mos- 
cow Mts.,  V-3  ’33  (Paul  Scheffer)  ; Long  Valley,  Alpha,  V-27  to 

VI- 17  ’34  (C.  H.  and  D.  Martin).  Mont.:  Big  Hole  Battle  Field, 
Beaverhead  County,  VII-3  ’34  (Wm.  L.  Jellison)  ; Gallatin  County, 

VII- 20  ’27.  Wyo.  : Madison  Junction,  Yellowstone  Park,  VII-4  ’26 
(C.  B.  Philip)  and  VII-1  and  2 ’34  (Wm.  L.  Jellison)  ; Yellowstone 
Park,  Dunraven  Pass,  VI-25  ’30  (E.  C.  Van  Dyke).  Calif.  : Angora 
Peak,  Tahoe,  VII-13  ’15  (M.  C.  Van  Duzee). 

This  species  and  pulcher  are  very  closely  related ; the  males  have 
the  apical  abdominal  segments  more  or  less  carinate,  and  the  narrow 
dorsum  of  the  segments  is  pollinose  as  are  the  posterior  margins. 

Cyrtopogon  vulneratus  Melander 

Cyrtopogon  vulneratus  Melander,  Psyche,  v.  30,  p.  118-119, 
1923. 

Cyrtopogon  vulneratus  Curran,  Can.  Ent.,  v.  56,  p.  277,  279, 
251,  1924. 

Described  from  a single  male  taken  at  Coniston,  Ontario,  27 
July  (H.  S.  Parish).  A male  specimen  is  at  hand  from  the  follow- 
ing locality:  Ontario:  Kearney,  VII-26  ’ll  (M.  C.  Van  Duzee). 

Cyrtopogon  bigelowi  Curran 

Cyrtopogon  bigelowi  Curran,  Can.  Ent.,  v.  56,  p.  277-279,  1924. 
Described  from  specimens  of  both  sexes  from  the  following  locali- 
ties: Macdiarmid,  Ontario,  July  6,  1922  (N.  K.  Bigelow),  same 
locality  and  collector  VI-28  and  VII-12  ’22,  and  same  locality, 
VII-4  ’23.  We  have  seen  a male  specimen  from  the  following  local- 
ity: Quebec:  Lav’ltrie,  V-22  ’24  (J.  Oeullet). 

Cyrtopogon  varans  Curran 

Cyrtopogon  varans  Curran,  Can.  Ent.,  v.  55,  p.  141,  1923. 
Cyrtopogon  varans  Curran,  Can.  Ent.,  v.  56,  p.  279,  1924. 
Described  originally  from  a single  female  from  Gaspe,  Quebec, 
Sept.  4,  1914  (C.  H.  Young).  The  male  was  described  in  1924  from 
Macdiarmid,  Ontario,  June  21,  1923  (N.  K.  Bigelow).  We  have  not 
seen  this  species. 


34 


January,  1936 


ENTOMOLOGICA  AMERICANA 


Cyrtopogon  platycauda  Curran 

Cyrtopogon  platycauda  Curran,  Can.  Ent.,  v.  56,  p.  251-252, 
1924. 

Described  from  a single  male  from  Glen  Souris,  Manitoba,  June 
5,  1923  (H.  H.  Robertson).  We  have  not  seen  this  species. 

Cyrtopogon  dasylloides  Williston 

Cyrtopogon  dasylloides  Williston,  Trans.  Amer.  Ent.  Soc.,  y. 
11,  p.  11,  1884. 

Cyrtopogon  dasylloides  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 
278,  1909. 

Cyrtopogon  dasylloides  Melander,  Psyche,  v.  30,  p.  105,  1923. 
Described  from  a single  male  from  Washington  Territory.  Back 
mentions  two  females  under  his  discussion  of  dasyllis  that  are  likely 
this  species,  one  from  Pike,  N.  Y.,  and  the  other  from  Sisco,  Calif. 
Melander  in  addition  records  the  species  from  Oregon  and  Idaho. 
The  female  is  described  below. 

Female:  Length  17  mm.  Entirely  black;  the  femora  black, 
below  reddish  (the  fore  pair  at  base  only),  the  tibiae  and  tarsi 
entirely  dark  reddish-brown.  Mystax  largely,  beard  below, 
hairs  of  proboscis,  of  first  joint  of  palpi,  of  coxae,  of  segments 
1-4  of  the  abdomen  largely,  and  the  narrow  dorsum  of  the  fifth 
segment  yellowish  white ; otherwise  entirely  black  haired  and 
bristled  exclusive  of  the  short  yellowish  pile  anteriorly  on  the 
fore  tibiae  and  below  on  the  tarsal  joints.  Style  of  antennae 
about  one-sixth  the  length  of  the  third  joint,  tapering  slightly, 
truncate  at  apex,  with  a minute  apical  bristle.  Wings  brown 
anteriorly  on  the  apical  two-thirds,  especially  along  the  veins. 
Described  from  a specimen  taken  at  Mt.  Rainier,  Wash.,  Round 
Pass,  elevation  4,000  feet,  VIII-18  ’32  (Wm.  W.  Baker). 

Differs  from  females  of  C.  dasyllis  Will,  in  that  dasyllis  females 
usually  have  the  beard  and  the  hairs  of  the  palpi  and  proboscis 
entirely  black,  the  dorsum  of  the  first  and  the  fifth  abdominal  seg- 
ments entirely  black  haired,  and  the  style  of  the  antennae  about  one- 
fourth  the  length  of  the  third  joint. 

Specimens  are  at  hand  from  the  following  localities  : Wash.  : Red 
Mountain,  elevation  5,000  feet,  VII-22  ’28  (K.  W.  Gray)  ; Mt. 
Rainier,  Sunrise,  elevation  6,400  feet,  VI-17  ’34,  VII-27  and  31  ’32 
(Itol  J.  and  J.  Wilcox,  C.  H.  and  D.  Martin).  Oreg.  : Antelope 
Mt.,  Harney  County,  elevation  6,500  feet,  VII-6  ’31  (D.  K.  Frew- 
ing)  ; Strawberry  Mt.,  Grant  County,  elevation  8,600  feet,  VIII-26 
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’32  (D.  K.  Frewing).  Idaho:  Long  Valley,  Alpha,  VI-17  ’34  (C. 
H.  Martin)  ; Schafer  Bntte,  40  miles  N.  of  Nampa  (H.  E.  Hasbrook)  . 

Cyrtopogon  dasyllis  Williston  (Plate  III) 

Cyrtopogon  dasyllis  Williston,  Kan.  Univ.  Quart.,  v.  2,  p.  66, 
1893. 

Cyrtopogon  dasyllis  Back,  Trans.  Amer.  Ent.  Soc.,  y.  35,  p. 
277-278,  1909. 

Cyrtopogon  dasyllis  Curran,  Can.  Ent.,  y.  55,  p.  132-133,  1923. 
Cyrtopogon  dasyllis  Melander,  Psyche,  y.  30,  p.  105,  1923. 

Described  from  a male  taken  at  top  of  Deer  Mt.,  Colo.,  Aug. 
(F.  H.  Snow).  Curran  redescribes  the  male  and  describes  the 
female  from  specimens  taken  at  Kaslo,  B.  C.,  September  (J.  Cockle). 
Melander  in  addition  records  it  from  Idaho.  Specimens  are  at  hand 
from  the  following  localities : Alaska  : Skagway,  Dewey  Glacier, 
elevation  6,000  feet,  VII-29  ’23  (J.  A.  Kusche).  Alberta:  Banff, 
July  1932  (F.  S.  Carr).  Wash.:  Mt.  Rainier,  Sunrise,  elevation 
6,400  feet,  VII-23  and  31  ’32,  VII-30  ’33  (C.  H.  and  Dorothy  Mar- 
tin, Itol  J.  and  J.  Wilcox)  ; Mt.  Rainier,  White  River  Camp,  IX-7 
to  14  ’32  (Martins  and  Wilcoxes)  ; Mt.  Rainier,  Paradise  Inn,  VII-20 
’30;  Randle,  IX-3  ’32  (A.  E.  Bonn).  Oreg.  : Strawberry  Mt., 
Grant  County,  elevation  8,600  feet,  VIII-23  to  31  ’32  (D.  K.  Frew- 
ing). 

See  note  under  dasylloides. 

Cyrtopogon  semitarius  Melander 

Cyrtopogon  semitarius  Melander,  Psyche,  v.  30,  p.  115,  1923. 
Described  from  a single  male  taken  at  Alta  Vista,  Mt.  Rainier, 
Wash.,  July  29,  1922  (Melander). 

The  female  is  described  below. 

Female:  Length  18  mm.  Similar.  Head  black,  face  and 
occiput  thinly  gray  pollinose.  Mystax  and  hairs  entirely  black, 
excepting  four  or  five  hairs  on  each  side  above  in  the  mystax  and 
the  short  hairs  at  the  tip  of  the  proboscis,  which  are  yellowish. 
Structure  of  the  antennae  as  described  for  male. 

Thorax  black,  subshining ; a narrow  median  stripe,  a small 
spot  outside  of  the  dorsocentral  stripes  at  the  transverse  suture, 
a large  triangular  spot  bordering  the  dorsocentral  stripes  and 
opposite  the  posterior  extremity  of  the  humeri,  and  a round  spot 
anterior  to  and  mesad  of  the  humeri  golden  pollinose ; a larger 
spot  anterior  to  the  transverse  suture  on  the  lateral  margins  is 
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more  grayish  pollinose ; pleura  very  thinly  golden  pollinose ; 
scutellum  black,  with  a narrow  transverse  stripe  of  golden 
pollen  at  the  base.  Hairs  and  bristles  entirely  black  excepting 
a few  fine  whitish  hairs  on  the  anterior  side  of  the  fore  coxae. 

Abdomen  entirely  black,  shining  with  somewhat  of  a green- 
ish metallic  reflection  on  the  basal  segments.  Hairs  on  the 
sides  of  the  first  segment,  and  the  second  and  third  segments 
entirely,  erect  yellowish-white  pilose;  the  dorsum  of  the  first 
segment  and  the  fourth  and  remaining  segments  black  pilose, 
decreasing  in  length  and  density  apically.  Venter  entirely 
shining  black,  with  black  hairs.  Apex  of  ovipositor  short 
golden  pilose,  with  a circlet  of  black  spines. 

Femora  black,  the  hind  tibiae  and  all  tarsi  light  reddish- 
brown;  the  middle  tibiae  slightly  darker  reddish-brown,  nar- 
rowly blackish  apically;  the  fore  tibiae  dark  chestnut  brown, 
black  apically.  Hairs  and  bristles  entirely  black  excepting  the 
anterior  side  of  the  fore  tibiae  and  the  venter  of  the  tarsal  joints, 
which  are  short  golden  pilose.  Claws  light  reddish  brown  with 
black  tips ; empodium  light  reddish  brown;  pulvilli  yellowish 
brown. 

Wings  lightly  tinged  with  brown, . more  intense  along  the 
veins  and  crossveins.  Veins  brown,  anterior  crossvein  at  the 
basal  one-fourth  of  the  discal  cell.  Stem  of  halteres  dark 
brown,  knob  reddish  brown. 

Described  from  a female  specimen  taken  at  Mt.  Rainier,  Wash., 
Sunrise,  elevation  6,400  feet,  VII-31  ’32  (J.  Wilcox). 

About  50  specimens  of  both  sexes  on  hand  taken  in  the  above 
locality  in  July  and  August  (S.  E.  Crumb,  Wm.  W.  Baker,  C.  H. 
and  D.  Martin,  and  Itol  J.  and  J.  Wilcox)  ; and  two  specimens  taken 
at  Mt.  Adams,  Wash.,  VII-15  ’32  (A.  R,  Rolfs)  ; a male,  Mt.  Adams, 
Wash.,  VIII-3  ’30  (F.  P.  Dean),  Quaintance  No.  14243,  in  the  TJ.  S. 
National  Museum. 

Cyrtopogon  semitarius  californicus,  n.  subsp. 

Female:  Length  16  mm.  Differs  from  typical  females  as 
follows:  More  yellowish  hairs  in  the  mystax;  beard  largely 
yellowish  white  but  with  some  black  hairs  on  the  eye  margin; 
longer  hairs  below  on  the  proboscis,  hairs  of  the  prothorax,  and 
all  coxae  yellowish- white ; the  pollinose  markings  of  the  thorax 
are  slightly  more  extensive  than  in  the  typical  specimens ; the 
structure  of  the  antennae  and  the  yellowish  hairs  on  the  abdo- 
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men  are  identical,  otherwise  this  might  be  considered  a new 
species. 

Holotype:  female,  Sequoia  National  Park,  Welverton,  Calif., 
VI-25  ’29  (E.  C.  Van  Dyke)  ; in  the  California  Academy  of  Sciences. 

Paratypes  : 2 females  with  same  data. 

A specimen  of  semitarius  collected  on  Mt.  Hood,  Oreg.,  was  seen 
in  the  Snow  Collection  at  the  University  of  Kansas,  but  as  no  notes 
were  taken  it  is  not  known  whether  it  is  typical  or  not. 

Cyrtopogon  curtistylus  Curran 

Cyrtopogon  curtistylus  Curran,  Can.  Ent.,  v.  55,  p.  133,  1923. 

Described  from  two  male  specimens  taken  at  Cache  Junction, 
Utah,  June  3,  1912  (H.  R.  Hagan),  type  in  C.  W.  Johnson  collec- 
tion. The  female  is  described  below. 

Female:  Length  15  mm.  Head  black,  face  and  occiput 
thinly  gray  pollinose,  entirely  black  haired.  Thorax,  coxae, 
and  scutellum  entirely  shining  black  and  black  haired.  Abdo- 
men shining  black,  the  eighth  segment  and  the  apical  spines 
brownish;  the  dorsum  of  the  first  segment  sparsely  yellow 
haired,  the  sides  of  the  first  segment  and  the  entire  dorsum  of 
segments  2-4  with  dense,  erect  fulvous  hairs,  the  remaining 
segments  and  the  venter  black  haired.  Legs  black,  the  tarsal 
joints  in  part  brownish;  bristles  black;  hairs  black  exclusive 
of  the  short  golden  pile  anteriorly  on  the  fore  tibiae,  at  the 
tip  of  the  hind  tibiae  below,  and  below  on  the  tarsal  joints ; 
claws  black,  the  bases  reddish ; pulvilli  light  brown ; empoclium 
reddish.  Halteres  yellowish  white,  the  base  and  lower  stem 
dark  brown.  Wings  nearly  hyaline,  somewhat  clouded  at  the 
middle  anteriorly,  anterior  crossvein  at  three-tenths  the  length 
of  the  discal  cell. 

Described  from  a female  collected  at  Glacier  Park,  Timpanogas, 
Utah  (Elmo  Hardy). 

Additional  specimens  are  at  hand  from  the  following  localities : 
Utah  : Bountiful,  1929  (H.  J.  Pack) . Calif.  : Mt.  Lassen,  elevation 
8,000  feet,  VII-14  ’34  (G.  P.  Engelhardt).  Oreg.:  Hermiston, 
V-10  ’30  (H.  A.  Scullen) . Idaho:  Long  Valley,  Alpha,  VI-10  ’34 
(C.  H.  Martin).  Mont.:  Blue  Nose  Mt.,  Montana-Iclaho  divide, 
elevation  8,600  feet,  VII-23  ’33  (C.  B.  Philip). 

The  specimens  from  Utah  and  California,  males,  have  fulvous 
hair  on  the  abdomen  as  described  for  the  female  above ; the  other 
specimens  have  these  hairs  on  the  abdomen  yellowish.  Some  speci- 

38 


January,  1936 


ENTOMOLOGICA  AMERICANA 


mens  have  tlie  middle  and  hind  tibiae  reddish.  The  Oregon  speci- 
men has  the  third  antennal  joint  expanded  apically,  with  an  apical 
pit,  but  no  style ; we  have  a female  specimen  of  dasyllis  with  a simi- 
larly deformed  third  antennal  joint. 

Cyrtopogon  callipedilus  Loew  (Plate  II) 

Cyrtopogon  callipedilus  Loew,  Berl.  Ent.  Zeit.,  358,  1874. 
Cyrtopogon  callipedilus  Osten  Sacken,  West.  Dipt.,  296,  1877. 
Cyrtopogon  callipedilus  Williston,  Trans.  Amer.  Ent.  Soc.,  v. 

11,  p.  12,  1884. 

Cyrtopogon  callipedilus  Coquillett,  Psyche,  IX,  129,  1902. 
Cyrtopogon  callipedilus  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 

268-269,  1909. 

Cyrtopogon  callipedilus  Melander,  Psyche,  v.  30,  p.  106,  1923. 

Back  gives  the  following  habitats  : Yosemite  Valley  (June  5-12), 
Summit  Station,  Sierra  Nevada,  Calif.,  July  17,  and  Webber  Lake, 
Sierra  County,  Calif.,  July  22-26. — Osten  Sacken:  Southern  Wyo., 
alt.  8,000  ft. ; Hudsonian  Zone,  N.  Mex. ; Sisco,  Calif.,  alt.  6,000 
feet  (from  0.  Franck).  Melander  in  addition  records  it  from 
Colorado.  It  seems  possible  that  records  from  other  than  Califor- 
nia refer  to  willistoni.  Specimens  on  hand  from  the  following  locali- 
ties: Calif.:  Fallen  Leaf  Lake,  VI-28  ’30  (A.  T.  McClay),  VII-17 
(W.  J.  Chamberlin)  ; Lake  Tahoe,  VI-28  ’25  (E.  H.  Nast),  VII-2 
’34  (M.  W.  Stone)  ; Lakeside,  Tahoe,  VI-30  ’27  (J.  M.  Aldrich)  ; 
Meadow  Valley,  Plumas  County,  3,000-4,000  feet,  VI-14  and  15  ’24 
(E.  C.  Van  Dyke)  ; Sequoia  National  Park,  2,000-5,000  feet,  Pot- 
wisha,  V-18  ’30  (E.  C.  Van  Dyke)  ; Summit,  Sierra  Nevada  (O. 
Sacken  ?)  ; Truckee,  VI-20  ’27  (E.  P.  Van  Duzee),  VII-2  ’34  (M.  W. 
Stone)  ; Tuolumne,  I V-18  ’34  (E.  P.  Van  Duzee)  ; Yosemite  Valley, 
V-24  ’28  (A.  T.  McClay),  VI-9  ’30  (F.  E.  Blaisdell),  VII-5  ’27 
(E.  H.  Nast),  VII-8  ’21  (E.  C.  Van  Dyke). 

The  above  records  refer  to  the  typical  form  which  have  the  tibiae 
entirely  and  the  first  joint  of  the  tarsi  largely,  reddish.  A new  sub- 
species is  described  below. 

Cyrtopogon  callipedilus  nigritarsus,  n.  subsp. 

Males  and  females:  Length  10-14  mm.  Differs  from  the 
typical  form  in  having  the  tarsi  and  the  tips  of  all  the  tibiae, 
and  sometimes  the  fore  tibiae  entirely  , black. 

Holotype:  Male,  Carrville,  Trinity  County,  Calif.,  2,400-2,500 
feet,  V-15  to  16  ’34  (E.  C.  Van  Dyke),  in  the  California  Academy 
of  Sciences. 
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Allotype:  Female,  same  data,  V-18  ’34,  in  the  California  Acad- 
emy of  Sciences. 

Paratypes:  23  specimens,  both  sexes,  from  the  type  locality  VI-22 
’31,  and  V-15  to  VI-4  ’34 ; Fort  Tejon,  Kern  County,  Calif.,  V-14  ’28 
(E.  C.  Van  Dyke)  ; and  Tejon  Canyon,  Kern  County,  Calif.,  V-ll 
and  12  ’27  (E.  C.  Van  Dyke). 

Cyrtopogon  cymbalist  a Osten  Sacken  (Plate  II) 

Cyrtopogon  cymbalista  Osten  Sacken,  West.  Dipt.,  297,  1877. 

Cyrtopogon  cymbalista  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 
269-270,  1909. 

Cyrtopogon  cymbalista  Melander,  Psyche,  v.  30,  p.  106,  1923. 

Described  from  both  sexes  taken  at  Summit  Station,  Sierra 
Nevada,  Calif.,  July  17,  and  Webber  Lake,  July  23-24,  Calif.  Speci- 
mens are  at  hand  from  the  following  localities : Calif.  : Mt.  Lassen, 
elevation  8,000  feet,  VII-14  ’34  (G.  P.  Engelhardt  and  E.  P.  Van 
Duzee)  ; Summit,  VII-4  ’98  (Koebele). 

Cyrtopogon  plausor  Osten  Sacken  (Plate  II) 

Cyrtopogon  plausor  Osten  Sacken,  West.  Dipt,,  p.  297-298, 
1877. 

Cyrtopogon  plausor  Williston,  Trans.  Amer.  Ent.  Soc.,  v.  11,  p. 
12,  1884. 

Cyrtopogon  plausor  Howard,  Insect  Book,  PI.  XIX,  fig.  26, 
1902. 

Cyrtopogon  plausor  Jones,  Trans.  Amer.  Ent.  Soc.,  v.  33,  p.  277, 
1907. 

Cyrtopogon  plausor  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p.  270- 
271,  1909. 

Cyrtopogon  plausor  Melander,  Psyche,  v.  30,  p.  107,  1923. 

Described  from  both  sexes  from  Morino  Valley,  New  Mexico, 
July  1 (Lieut.  W.  L.  Carpenter)  ; Spanish  Peaks,  June  (the  same)  ; 
Cache  Valley,  Utah  (C.  Thomas)  ; divide  between  Idaho  and  Mon- 
tana. Williston  records  it  from  Colorado;  Jones  from  Sioux 
County,  Nebraska;  and  Back  in  addition  from  Gallatin  Valley, 
Mont.,  July  6 (R.  A.  Cooley).  Specimens  are  at  hand  from  the 
following  localities : Colo.  : Agr.  Coll.,  VII-4  ’03 ; A.  S.  U.  C.  Lodge, 
near  Boulder,  VI-15  ’33  (M.  T.  James)  ; Beaver  Brook,  RMNP, 
VII-18  ’33  (Helen  Rodeck)  ; Creede,  elevation  8,844  feet,  VIII- 
’14  (S.  J.  Hunter)  ; Florissant,  VII-17  ’07  (S.  A.  Rohwer)  ; Glen- 
devey,  VIII-20  ’32  (C.  R.  Jones)  ; Gold  Hill,  VI-24  ’26  (E.  C.  Van 
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Dyke)  and  VI-24  ’32,  8,000  feet  (M.  T.  James)  ; Manitou,  VI-20  ’26 
(E.  C.  Van  Dyke)  ; Platte  Canyon,  near  Idlewild,  VII-10  ’27  (J. 
M.  Aldrich).  N.  Mex.  : Santa  Fe  Canyon,  VII-23  ’26  (E.  C.  Van 
Dyke).  Utah:  La  Sal  Mts.,  Mt.  Tukuhnikivatz  (Irvin  Rasmussen 
and  Vasco  M.  Tanner). 

Cyrtopogon  praepes  Williston  (Plate  II) 

Cyrtopogon  praepes  Williston,  Trans.  Amer.  Ent.  Soc.,  v.  11, 
p.  12,  1884. 

Cyrtopogon  praepes  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 
271-272,  1909. 

Cyrtopogon  praepes  Curran,  Can.  Ent.,  v.  55,  p.  190,  1923. 
Cyrtopogon  praepes  Melander,  Psyche,  v.  30,  p.  108,  1923. 

Described  from  specimens  of  both  sexes  from  Washington  Ter- 
ritory. Curran  records  it  from  Washington,  Idaho,  California,  and 
Colorado ; and  Melander  from  Washington  and  Oregon.  In  the 
writer’s  opinion  this  species  is  confined  to  the  more  coastal  regions 
of  Washington,  Oregon,  and  California.  Specimens  are  at  hand 
from  the  following  localities:  Wash.:  Olympia,  V-15  to  VI-10  ’32 
(C.  H.  Martin  and  J.  Wilcox)  ; Roy,  V-4  ’30  (R.  Latta),  and  V-20 
’35  (Wilcox).  Calif.:  San  Francisco,  IV-18  ’26  (C.  L.  Fox); 
Santa  Cruz,  IV-19  (R.  Latta)  ; Santa  Rosa,  V-4  ’25. 

Cyrtopogon  willistoni  Curran  (Plate  II) 

Cyrtopogon  willistoni  Curran,  Can.  Ent.,  v.  54,  p.  277-278,  1922. 
Cyrtopogon  willistoni  Curran,  Can.  Ent.,  v.  55,  p.  185-186, 1923. 
Cyrtopogon  willistoni  Melander,  Psyche,  v.  30,  p.  107,  1923. 
Cyrtopogon  willistoni  Cole,  Pan-Pac.  Ent.,  v.  1,  p.  10,  1924. 

Described  from  both  sexes  from  Chilcotin,  British  Columbia, 
June  16,  1920  (E.  R.  Buckell),  Aspen  Grove,  British  Columbia, 
June  28,  1922  (P.  N.  Vroom),  from  various  other  localities  in  British 
Columbia,  and  from  Banff,  Alberta.  Melander  also  records  the 
species  from  Washington;  and  Cole  from  Stein  Mts.,  Harney 
County,  Oreg.,  VI-24  ’22  (E.  C.  Van  Dyke  and  W.  J.  Chamberlin). 
Specimens  are  on  hand  from  the  following  localities  : British  Colum- 
bia: Aspen  Grove,  VI-28  ’22  (P.  N.  Vroom)  ; Minnie  Lake,  V-24 
and  VII-26  ’25  (E.  R.  Buckell)  ; Nicola,  VI-4  ’25  (H.  L.  Seamans)  ; 
Oliver,  V-3  ’24  (E.  R.  Buckell).  Wash.:  Blue  Mts.,  Godman 
Springs,  elevation  6,000  feet,  VII-7  ’29  (M.  C.  Lane)  ; Colville,  V-19 
’23  (C.  H.  S.)  ; Mt.  Adams,  elevation  6,000  feet,  VII-1  to  3 ’25 
(M.  C.  Lane  and  E.  C.  Van  Dyke)  • Mt.  Spokane,  VI-22  and  VII-2 
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’30  (J.  M.  Aldrich)  ; Signal  Peak,  VII-4  ’32  (A.  R,  Rolfs),  YII-3 
and  16  ’33  (C.  H.  and  D.  Martin,  S.  E.  Crnmb  and  J.  Wilcox)  ; 
Tampico,  V-2  and  6 ’26  (M.  C.  Lane)  ; Yakima,  V-16  ’31  (A.  R. 
Rolfs).  Oreg.  : Fish  Lake,  Steins  Mts.,  elevation  7,000  feet,  VII-11 
’27  (H.  A.  Scullen)  ; Ontario,  V-18  ’25  (B.  G.  Thompson)  ; Steins 
Mts.,  Harney  County,  VI-24  ’22  (W.  J.  Chamberlin)  ; Strawberry 
Mt.,  Grant  County,  elevation  8,600  feet,  VIII-23  ’32  (D.  K.  Frew- 
ing).  Calif.:  Sacramento,  VIA  ’15  (M.  C.  Van  Duzee).  Utah: 
Roosevelt  Creek,  Raft  River  Mts.,  June  ’28  (V.  M.  Tanner  and 
D.  Elden  Beck)  ; Zion  National  Park  (A.  M.  Woodbury).  Idaho: 
Long  Valley,  Alpha,  V-20  ’34  (C.  H.  and  D.  Martin).  Wyo.  : Grand 
Teton  National  Park,  VI-21  ’30  (E.  C.  Van  Dyke)  ; Yellowstone 
National  Park,  VI-21  ’30,  Roosevelt  Camp,  VI-26  ’30,  and  Mammoth 
Hot  Springs,  VI-27  ’30  (E.  C.  Van  Dyke).  Mont.:  Gallatin 
County,  elevation  6,800  feet,  VI-27  ’00  (Cooley),  and  VI-16  ’24; 
Madison  County,  VII-3  ’27  ; Bozeman,  elevation  4,400  feet,  VI-13  ’03 
and  VI-26  ’09. 

We  are  inclined  to  think  that  the  records  for  callipedilus  from 
other  than  California  refer  to  this  species,  and  that  the  records  for 
praepes  from  other  than  the  coastal  parts  of  California,  Oregon,  and 
Washington  refer  to  black-legged  specimens  of  this  species. 

Cyrtopogon  maculipennis  Macquart  (Plate  III) 

“M.  1834,  I,  298,  22;  Schiner,  I,  135;  Kertesz,  70. — Dasypogon 
flavimanus  Meigen  (pr.  p.  §).  D.  litura  Zeller. — Fig.  183.” 

The  above  is  taken  from  Seguy,  Faune  de  France,  17  (Asiliclae), 
p.  84-85. 

Male:  Length  11  mm.  Face  gray  pollinose  with  a slight  yel- 
lowish tinge ; front,  ocellar  tubercle,  vertex,  and  upper  occiput 
yellowish-brown  pollinose,  lower  occiput  and  a broad  border 
around  eyes  gray  pollinose.  Mystax  black  with  a few  white 
hairs  intermixed ; hairs  of  palpi  and  proboscis  and  on  about  the 
lower  one-fourtli  of  the  occiput  (exclusive  of  the  black  fringe 
around  the  eyes)  white,  remainder  of  the  hairs  black.  Anten- 
nae black,  first  joint  slightly  longer  than  the  second,  both  black 
haired ; the  third  about  1 J times  the  length  of  the  first  two 
joints  together;  style  about  one-fifth  the  length  of  the  third 
joint. 

Mesonotum  black,  the  humeri,  postalar  calli,  and  lateral  and 
posterior  margins  shining,  the  median  stripes  and  presutural 
spots  brownish,  the  remainder  grayish-yellow  pollinose.  Hairs 
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black;  bristles  black,  2 presuturals,  2-3  supra-alars,  and  3-4 
postalars.  Scutellum  convex,  shining  black,  long  black  pilose. 
Pleura  shining  black,  the  coxae,  propleura,  and  mesopleura,  and 
the  sternopleura  below,  yellowish-gray  pollinose ; hairs  of  coxae 
yellowish,  of  the  pleura  black,  brownish  on  the  propleura. 

Abdomen  shining  black,  segments  2-5  with  narrow  posterior, 
very  broadly  interrupted,  yellowish-white  pollinose  fasciae. 
Hairs  black,  on  the  venter  and  those  arising  from  the  pollinose 
markings  yellowish.  Genitalia  black  and  black  haired. 

The  femora,  extreme  apex  of  tibiae,  and  last  tarsal  joint 
black,  otherwise  reddish ; bristles  black ; claws  black,  brownish 
basally ; pulvilli  dark  brown ; empodium  brown.  Hairs  black, 
a few  below  at  base  of  fore  femora,  ventrally  and  posteriorly  on 
the  basal  half  or  more  of  the  middle  femora,  and  ventrally  and 
all  around  at  the  base  of  the  hind  femora  yellowish ; otherwise 
black  exclusive  of  the  usual  golden  pile  on  the  fore  and  hind 
tibiae,  and  below  on  the  tarsi. 

Halteres  yellowish-brown,  the  base  brown.  Wings  hyaline 
with  two  brown  clouds,  the  larger  one  filling  out  the  anterior- 
apical  part  of  the  wing,  beginning  at  the  base  of  the  discal  cell, 
and  the  other  filling  the  apex  of  the  anal  cell  and  extending  into 
the  adjoining  cells;  veins  brown,  anterior  crossvein  at  about 
three-sevenths  the  length  of  the  discal  cell. 

Female:  Length  10  mm.  A few  more  white  hairs  inter- 
mixed in  the  mystax,  and  lower  one-half  of  the  occiput  white 
haired.  Hairs  of  propleura  white.  Hairs  of  abdomen  white. 
Wings  faintly  clouded  in  same  regions  as  in  males. 

Described  from  male  specimens  received  from  Germany  without 
data  and  female,  St.  Peter,  Bohmen,  Juli  13,  1887. 

This  species  was  reported  from  Canada  (Canadian  Zone),  Lake 
Timagami,  Bear  Island,  July  27  ’32  (A.  W.  A.  Brown)  in  Can.  Ent., 
v.  66,  p.  246,  1934 ; determination  by  C.  H.  Curran. 

Very  closely  related  to  C.  bimacula  Walker;  differs  in  having 
only  a few  hairs  of  mystax  white  in  both  sexes  (in  bimacula  largely 
yellowish)  ; beard  white  only  on  lower  one-fourth  of  occiput  (lower 
one-half  in  bimacula)  in  males ; propleura  of  male  brown  haired 
instead  of  white;  scutellum  entirely  black  (in  bimacula  with  spot 
of  pollen  at  base)  ; hairs  of  male  abdomen  largely  black;  and  the 
larger  brown  cloud  of  wings  more  extensive  (in  bimacula  the  basal 
anterior  one-fourth  of  the  discal  cell  is  hyaline). 
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Cyrtopogon  bimacula  Walker  (Plate  III) 

Euarmostus  bimacula  Walker,  Dipt.  Saund.,  Pt.  II,  p.  102, 
PI.  IY,  fig.  1,  1851. 

Cyrtopogon  melanopleurus  Loew,  Cent.,  VII,  61,  1866. 

Cyrtopogon  bimacula  Loew,  Berl.  Ent.  Zeit.,  365,  1874. 

Cyrtopogon  bimacula  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35, 
p.  262-263,  1909. 

Cyrtopogon  bimacula  Curran,  Can.  Ent.,  v.  55,  p.  136-137, 
1923.  ^ 

Cyrtopogon  bimacula  Melander,  Psyche,  v.  30,  p.  106,  1923. 

Back  gives  the  following  localities:  North  America  (Walker)  ; 
White  Mountains,  and  Mt.  Washington,  N.  H.  (Osten  Sacken)  ; 
top  of  Las  Yegas  Range,  N.  Mex.  (June  28)  ; Lower  Minnesota. 
Curran  redescribes  the  species  from  Douglas,  Manitoba,  June  10, 
1921  (N.  Criddle),  and  Nordegg,  Alberta,  July  7,  1921  (J.  McDun- 
nough)  ; and  says  the  species  occurs  across  Canada  east  of  the 
Rockies,  extends  down  to  Pennsylvania  in  the  east,  and  down  the 
western  slopes  of  the  Rockies  into  Colorado ; he  also  records  two 
females  from  Sudbury,  Ontario,  and  Truro,  Nova  Scotia.  In  addi- 
tion to  the  above,  Melander  records  it  from  Wyoming,  Idaho, 
Oregon,  and  Washington.  Specimens  are  at  hand  from  the  follow- 
ing localities : Colo.  : Camp  Creek  R.  Sta.,  YI-19  ’20 ; Aspen,  VII-24 
to  27  ’17,  elevation  8,700  feet;  South  Peak,  YII-31  (E.  J.  Oslar)  ; 
Ward,  YI-25  ’22,  elevation  9,300  feet.  N.  Mex.  : Las  Vegas  Mts., 
elevation  11,000  feet,  June  ’01  (Cockerell) . Mont.  : Skalkadho  Pass, 
Ravalli  County,  VII-15  ’34  (Wm.  L.  Jellison).  Wyo.  : Yellowstone 
National  Park,  VII-21  to  22  ’20.  Oreg.  : Aneroid  Lake,  Blue  Mts., 
elevation  7,500  feet,  VII-23  ’29  (H.  A.  Scullen)  • Horse  Mt.,  Lane 
County,  VII-28  ’09 ; Frog  Meadows,  Lane  County,  elevation  4,300 
feet,  VII-18  ’32  (D.  K.  Frewing).  Wash.  : Mt.  Rainier,  Sunrise, 
elevation  6,400  feet,  VII-27  to  IX-11  ’32  (Wm.  W.  Baker,  S.  E. 
Crumb,  Itol  J.  and  J.  Wilcox,  C.  H.  and  D.  Martin)  ; Mt.  Rainier, 
Paradise,  VIII-7  ’30,  VIII-18  ’32  (Wm.  W.  Baker)  ; Mt.  Baker, 
VII-29  ’31  (J.  Nottingham).  British  Columbia:  Steelheacl,  VII-3 
and  24  ’33  (Hugh  B.  Leech)  ; Lorna,  VII-21  ’25  (H.  Richmond). 
Quebec:  Seven  Isis.,  VII-28  ’24  (F.  W.  Waugh).  N.  H. : Bretton 
Woods,  VI-30  ’09  (M.  C.  Van  Duzee)  ; Mt.  Washington  (Mrs.  A.  T. 
Slosson). 

Cyrtopogon  bimacula  and  C.  dasylloides  are  the  only  species  so 
far  recorded  from  eastern  and  western  North  America. 

See  note  under  maculipennis. 
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Cyrtopogon  montanus  Loew  (Plate  IV) 

Cyrtopogon  montanus  Loew,  Berl.  Ent.  Zeit.,  362,  1874. 
Cyrtopogon  montanus  Osten  Sacken,  West.  Dipt.,  298,  1877. 
Cyrtopogon  montanus  Back,  Trans.  Amer.  Ent.  Soc.,  v.  30,  p. 
280-281,  1909. 

Cyrtopogon  montanus  Curran,  Can.  Ent.,  v.  55,  p.  169-170, 
1923. 

Cyrtopogon  montanus  Melander,  Psyche,  v.  30,  p.  107,  1923. 
Back  gives  the  following  distribution:  Sierra  Nevada  (type), 
Colo.  [Calif.?];  Beulah,  N.  Mex.  (H.  Skinner);  Yosemite  and 
Webber  Lake,  Sierra  Nevada,  July  22  (Osten  Sacken)  ; Vernon, 
British  Columbia,  May  14,  ’22  (Miss  Ricardo).  Curran  redescribes 
it  from  British  Columbia  and  Banff,  Alberta,  May  to  June,  and 
designates  specimens  (females)  from  Banff,  1911  (N.  B.  Sanson), 
and  June  9,  1916  (C.  G.  Hewitt)  with  wholly  white  pilose  lateral 
margins  as  variety  latericaudus.  Melander  in  addition  records  it 
from  Idaho  and  Washington.  Specimens  are  at  hand  from  the  fol- 
lowing localities : Calif.  : Fallen  Leaf  Lake,  VII-14  ( W.  J.  Cham- 
berlin), VI-21  ’15  (A.  K.  Fisher)  ; Lake  Tahoe,  Fallen  Leaf  Lake, 
VII-  ’19  (L.  S.  Rosenbaum)  ; Mt.  Home  Canyon,  San  Bernar- 
dino Mts.,  VI-8  ’24  (J.  M.  Aldrich)  ; Mt.  St.  Helens,  V-12  ’25 
(M.  C.  Van  Dnzee)  ; Sequoia  National  Park,  Welverton,  elevation 
7,000-9,000  feet,  VI-17  ’29  (E.  C.  Van  Dyke)  ; Trnckee,  VI-12  ’27 
(E.  P.  Van  Duzee)  ; Yosemite  Valley,  VII-12  ’21  (E.  C.  Van  Dyke). 
Oreg.  : Anthony  Lake,  VII-11  ’31  (R.  H.  Beamer)  ; Canby,  V-8  ’29 
(Wilcox)  ; Fox,  VI-22  ’25  (M.  M.  Reeher)  ; Hood  River,  VI-2  and 
8 ’17  (L.  Childs)  ; Marys  Peak,  VIII-23  (W.  J.  Chamberlin)  ; 
McKenzie  Pass,  elevation  5,000  feet,  VII-18  ’27  (H.  A.  Scullen) 
Mt.  Hood  (H.  K.  Morrison)  ; Mt.  Hood,  Sherwood  Forest  Camp, 

VI- 26  ’32  (Wilcox)  ; 20  miles  S.  W.  of  La  Grande,  elevation 
4-5,000  feet,  V-ll  ’30  (H.  A.  Scullen)  ; North  Powder,  VII-13  ’31 
(J.  Nottingham)  ; Unity,  VII-4  ’33  (F.  H.  Shirck). 

Wash.  : Cle  Elum,  VI-12  ’32  (Wilcox)  ; Mt.  Adams,  VI-30  and 

VII- 2  ’25  (E.  C.  Van  Dyke),  Signal  Peak,  elevation  4,500  feet, 
VII-10  ’27  (M.  W.  Stone),  West  Klickitat,  elevation  3,500  feet, 
VI-10  ’25  (J.  A.  Morley),  elevation  6,000  feet,  VII-3  ’25  (M.  C. 
Lane),  Ranger  Station,  VII-2  ’33  (C.  H.  and  D.  Martin)  ; Mt. 
Rainier,  Sunrise,  elevation  6,400  feet,  VII-27  to  VIII-14  ’32  (Wm. 
W.  Baker  and  Wilcox)  ; Mt.  Rainier,  White  River  Camp,  IX-14  ’32 
(Baker  and  Wilcox)  ; Olympia,  V-14  to  VI-12  ’32  (Martin  and 
Wilcox)  ; White  Rock  Spg.,  Stevens  Pass,  Cascade  Mts.,  VII-13  ’30 
(E.  C.  Van  Dyke).  British  Columbia:  Departure  Bay,  VI-  ’08; 

45 


ENTOMOLOGICA  AMERICANA  Vol.  XVI,  No.  i 


Goldstream,  V-6  ’25  (W.  Downes)  ; Lillooet  (A.  W.  A.  Phair)  ; 
Oliver,  IV-23  ’27  (E.  R.  Bucknell)  ; Seton  Lake,  Lillooet,  VIA  ’26 
(J.  McDunnough) . Idaho:  Lake  Waha,  VI-14  ’30  (J.  M.  Al- 
drich) ; Long  Valley,  Alpha,  V-20  ’34  (C.  H.  and  D.  Martin)  ; 
McCall,  VI-10  ’33  (F.  H.  Shirck)  ; Moscow  Mt.,  IV-17  ’34  (C.  H. 
and  D.  Martin)  ; Moscow  Mt.,  VI-19  ’18  (Chas.  Melander),  VI-10 
’30  (J.  M.  Aldrich);  Potlach,  V-28  ’30  (J.  M.  Aldrich).  Colo: 
A.  S.  U.  C.  Lodge,  near  Boulder,  elevation  7,700  feet,  VI-15  ’33 
(M.  T.  James)  ; Gold  Hill,  elevation  8,000  feet,  VI-24  ’32  (James)  ; 
Longs  Peak  Inn,  elevation  9,000  feet,  VII-13  ’26  (E.  C.  Van  Dyke)  ; 
near  Ward,  VI-2  to  9 ’33  (H.  G.  and  H.  E.  Rodeck)  ; Poncha  Pass, 

VI- 20  ’33  (W.  Steele).  Utah:  Ogden,  VII-18  ’25,  8,000  feet  (A. 

C.  Burrill) . 

See  note  under  leucozona. 

Cyrtopogon  leucozona  Loew 

Cyrtopogon  leucozona  Loew,  Berl.  Ent.  Zeit.,  364,  1874. 
Cyrtopogon  leucozona  Osten  Sacken,  West.  Dipt.,  299,  1877. 
Cyrtopogon  leucozona  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35, 
p.  282-283,  1909. 

Cyrtopogon  leucozona  Curran,  Can.  Ent.,  v.  55,  p.  170-171, 
1923. 

Cyrtopogon  leucozona  Melander,  Psyche,  v.  30,  p.  107,  1923. 
Back  gives  the  following  distribution:  Sierra  Nevada  (type), 
Webber  Lake,  July  22,  and  Yosemite  Valley,  June  8,  Calif. ; Beulah, 
N.  Mex.  (H.  Skinner).  Curran  records  it  from  Vasseau  Lake, 
British  Columbia,  May  25,  1920  (W.  B.  Anderson)  and  Aspen 
Grove,  British  Columbia,  June  28,  1922  (P.  N.  Vroom)  ; Melander 
also  records  it  from  Oregon.  Specimens  are  at  hand  from  the 
following  localities:  British  Columbia:  Lillooet,  V-27  ’25  (E.  R. 
Buckell)  ; Vernon,  VI-11  ’25  (Buckell).  Calif.:  Fallen  Leaf 
Lake,  elevation  6,300  feet,  VI-13  ’30  (A.  T.  McClay),  and  VI-5 
’16  (H.  G.  Dyar).  Idaho:  Lake  Waha,  VI-18  ’30  (J.  M.  Aldrich)  ; 
Mink  Creek,  VI-28  ’27,  6,500  feet ; Moscow  Mts.,  VI-26.  Oreg.  : 
Aneroid  Lake,  Blue  Mts.,  elevation  7,500  feet,  VII-24  ’29  (H.  A. 
Scullen)  ; Anthony  Lake,  VII-11  ’31  (R.  H.  Beamer  and  J.  Not- 
tingham) ; Grant  County,  VI-20  ’14  (W.  J.  Chamberlin)  ; Haines, 

VII- 10  ’31  (R.  H.  Beamer)  ; Wallowa  Lake,  Lake  Basin  Trail, 
elevation  5-5,500  feet,  VII-25  ’29  (H.  A.  Scullen).  Wash.: 
Blewett,  V-30  ’32  (J.  Wilcox)  ; Cle  Elum,  VI-12  ’32  (Wilcox)  ; 
Mt.  Rainier,  Sunrise,  elevation  6,400  feet,  VIII-14  ’32  (C.  H.  and 

D.  Martin  and  Wilcox)  ; Olympia,  V-14  ’32  (Martins  and  Wilcox). 
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Colo.:  A.  S.  C.  U.  Lodge,  near  Boulder,  elevation  7,700  feet,  VI-15 
’33  (M.  T.  James);  Boulder,  VI-27  and  29  ’32  (James)  ; Longs 
Peak,  VII-14  ’20  (M.  Dings)  ; Morane  Park,  RMNP,  VI-29  ’33 
(Helen  Rodeck)  ; near  Ward,  VI-2  to  9 ’33  (H.  G.  and  H.  E. 
Rodeck)  ; Tennessee  Pass,  elevation  10,240  feet,  VII-10  (J.  M. 
Aldrich). 

Loew,  Osten  Sacken,  and  Back  all  refer  to  the  similarity  of  this 
species  to  the  females  of  montanus.  Curran  compares  it  to  inversus. 
We  have  collected  a good  series  of  this  species  in  diverse  localities 
and  always  in  company  with  montanus,  so  we  are  inclined  to  con- 
sider it  a light-haired  female  of  that  species,  more  likely  to  be 
taken  at  higher  elevations.  Mr.  M.  T.  James  of  the  University 
of  Colorado  sent  the  writers  a large  series  of  this  species  together 
with  about  an  equal  number  of  typical  males  of  montanus  from 
the  same  localities.  He  stated  that  he  had  taken  these  in  copula, 
but  none  of  the  specimens  were  so  marked. 

We  have  since  seen  a pair  on  the  same  pin  presumably  taken 
in  copula,  so  if  our  identification  of  leucozona  is  correct,  the  name 
leucozona  can  be  retained  only  as  a variety  name  for  light-haired 
females  of  montanus. 

Cyrtopogon  albovarians  Curran 

Cyrtopogon  albovarians  Curran,  Can.  Ent.,  v.  56,  p.  279-280, 
1924. 

Cyrtopogon  albitarsis  Curran,  female,  Can.  Ent.,  v.  55,  p.  134— 
135,  1923. 

This  species  was  described  by  Curran  from  Banff,  Alberta,  July 
9,  1916  (C.  G.  Hewitt),  in  1923  as  the  female  of  albitarsis,  but  in 
1924  he  proposed  the  name  albovarians  for  this  specimen.  We  have 
not  seen  this  species,  but  from  the  description  have  placed  it  close 
to  leucozona. 

Cyrtopogon  jemezi,  11.  sp. 

Males : Length  12-14  mm.  Face,  front,  and  occiput  grayish 
pollinose  subshining  black,  the  pollen  along  the  eye  margins 
rather  dense.  Hairs  black,  the  ones  on  the  lower  one-third  of 
the  occiput  and  below  on  the  proboscis  white.  Antennae 
black;  the  first  joint  slightly  longer  than  the  second,  both 
black  haired;  third  joint  slender,  one  and  two-thirds  times 
the  length  of  the  first  two  joints  together;  style  one-third  the 
length  of  the  third  joint. 

Mesonotum  before  the  suture  apparently  brownish-yellow 
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pollinose,  the  central  stripe  and  intermediate  spots  brown,  and 
behind  the  suture  largely  shining  black.  Hairs  entirely  black ; 
bristles  black,  3-4  presuturals  and  1-2  supra-alars.  Scutellum 
shining  black  and  long  black  haired.  Pleura  and  coxae  gray- 
ish-yellow pollinose,  the  hairs  of  the  pleura  entirely  black,  of 
the  coxae  black  and  yellowish. 

Abdomen  shining  black,  segments  2-4  with  narrow  quite 
broadty  interrupted  posterior  grayish  pollinose  fasciae;  hairs 
rather  long,  dense,  entirely  black.  Genitalia  rather  large,  shin- 
ing black  and  black  haired. 

Femora  black,  tibiae,  and  tarsi  excepting  the  fore  tarsi, 
reddish ; hairs  black,  excepting  a few  yellowish  ones  below 
basally  on  the  femora  and  the  usual  golden  pile  on  the  fore 
and  hind  tibiae ; bristles  black ; claws  black,  the  basal  one-half 
yellowish-red ; pnlvilli  yellowish.  Fore  tarsi  yellowish,  slightly 
longer  than  the  fore  tibiae,  the  bristles  yellowish  excepting  a 
short  black  one  posteriorly  on  the  first  joint ; hairs  yellowish, 
forming  quite  a dense  posterior  and  anterior  fringe  slightly 
longer  than  the  diameter  of  the  segments,  a few  recumbent  black 
hairs  posteriorly  on  the  first  joint. 

Knob  of  the  lialteres  yellowish  red,  and  the  base  and  stem 
brown.  Wings  hyaline  with  brownish  clouds  on  the  crossveins 
and  furcations  and  basally  in  the  marginal  and  first  submar- 
ginal cells;  veins  dark  brown,  the  anterior  crossvein  at  one- 
fifth  the  length  of  the  discal  cell. 

Females : Length  14-17  mm.  Very  similar.  Black  abdom- 
inal hairs  decreasing  in  length  posteriorly,  denser  on  seg- 
ments 1-3  and  very  short  and  inconspicuous  on  segments  6-8 ; 
apical  spines  brown.  Fore  tarsi  reddish  with  some  ventral 
orange  pile,  otherwise  the  short  hairs  black,  bristles  black. 

Cotypes : Male,  Valle  Grande,  Jemez  Mts.,  N.  Mex.,  VII-6  ’30 
(J.  Chamberlin),  in  the  California  Academy  of  Sciences;  male, 
Sandia  Mts.,  N.  Mex.,  3204  (J.  H.  Watson),  in  the  U.  S.  National 
Museum;  male  and  3 females,  Grant  County,  N.  Mex.,  VII-2  ’35 
(R.  T.  Kellogg),  in  the  writers  collection. 

None  of  these  specimens  are  perfect  for  description  and  if  it 
were  not  for  the  distinctive  male  characters  we  would  not  have 
attempted  the  description.  The  face  at  the  antennae  is  rather  nar- 
row, its  relation  to  the  width  of  the  eyes  is  as  follows : male  30-50, 
female  32-45. 
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Cyrtopogon  basingeri,  n.  sp. 

Male:  Length  11  mm.  Black,  the  face,  front,  ancl  upper 
occiput  thinly  gray  pollinose,  the  lower  occiput  densely  so ; 
palpi  and  proboscis  shining.  Mystax  black  with  a few  white 
hairs  intermixed  on  the  upper  part ; hairs  of  the  front,  ocellar 
tubercle,  vertex,  upper  occiput,  and  around  the  eye  margins 
black ; beard  and  hairs  of  the  proboscis  white.  Antennae  black ; 
first  two  joints  subequal  in  length,  white  haired,  the  second  joint 
with  a long  black  hair  below  apically ; third  joint  slender,  coare- 
tate,  nearly  twice  the  length  of  the  first  two  joints  together; 
style  one-half  the  length  of  the  third  joint. 

Mesonotum  black,  thinly  dull  brown  pollinose,  the  humeri, 
sides,  a spot  behind  the  humeri,  and  the  transverse  suture  medi- 
ally gray  pollinose.  Hairs  black,  longer  presuturally  and  on 
the  postalar  calli.  Scutellum  convex,  shining  black,  transver- 
sally  grayish  pollinose  and  with  a few  fine  white  hairs  basally, 
otherwise  long  black  haired.  Lower  pleura  and  coxae  gray 
pollinose,  the  pronotum,  meso-,  ptero-  and  hypopleura  shining 
black,  the  pronotum,  meso-  and  hypopleura  with  dense  long 
black  hairs,  the  hypopleurals  erect. 

Abdomen  shining  black,  segments  2-3  with  a posterior  gray 
pollinose  spot  on  the  sides  but  not  reaching  the  lateral  margins 
and  separated  clorsally ; segments  4-6  with  broadly  interrupted 
gray  pollinose  bands;  segments  7-8  and  the  genitalia  entirely 
black.  Hairs  long,  dense,  black  on  all  segments,  with  tufts  of 
white  hairs  on  the  sides  posteriorly  on  segments  1,  3,  4 and  5 ; 
genitalia  black  haired. 

Femora  black;  fore  tibiae  black,  the  basal  four-ninths  and 
the  apical  two-ninths  of  the  hind  tibiae  black,  the  intermediate 
portion  dark  reddish,  middle  tibiae  similar  but  not  so  evident ; 
tarsi,  excepting  the  fore  ones,  black,  the  bases  reddish;  claws 
white,  the  tips  black ; pulvilli  white.  Fore  tarsi  yellowish-red, 
slender,  1J  times  the  length  of  the  fore  tibiae.  Femora  and 
tibiae  with  long  dense  black  hairs  and  bristles,  some  white  hairs 
above  and  posteriorly  on  the  femora ; tarsi  with  short  black  hairs 
and  bristles. 

Halteres  dark  brown.  Wings  infuscated  with  a faint  brown 
cloud  on  the  anterior  crossvein,  on  the  veins  at  the  end  of  the 
discal  cell,  and  a small  definite  brown  cloud  in  the  subcostal  cell 
near  the  apex  of  the  auxiliary  vein  and  extending  into  the  mar- 
ginal cell ; anterior  crossvein  at  about  one-sixth  length  of  the 
discal  cell,  anal  cell  broadly  open. 
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Female:  Length  11  mm.  Similar.  Palpi  brown  haired 
(these  hairs  not  evident  in  male).  Hairs  behind  on  the  upper 
occiput  white.  White  hairs  mixed  in  with  the  black  on  the  pro- 
notum,  mesopleura,  and  hypopleura.  Abdominal  segments  2-5 
with  complete  posterior  pollinose  fasciae,  somewhat  faint  at  the 
sides  and  middle  of  the  second  segment  and  at  the  middle  of 
the  fifth  segment ; segments  6-8  entirely  black,  the  apical  spines 
black.  Hairs  black  anteriorly  on  the  sides  of  segments  1-5  and 
white  posteriorly  on  the  sides  of  these  segments,  segments  6-8 
white  haired.  More  white  hairs  on  the  middle  and  hind  femora 
and  some  mixed  in  on  their  tibiae ; fore  tarsi  somewhat  elongate, 
1J  times  the  length  of  the  fore  tibiae,  black,  the  bases  of  the  seg- 
ments reddish. 

Holotype:  Male,  Forest  Home,  Calif.,  Falls,  XI-10  ’34  (A.  J. 
Basinger)  ; deposited  in  the  California  Academy  of  Sciences. 

Allotype:  Female,  same  data;  deposited  in  the  California  Acad- 
emy of  Sciences. 

Paratypes:  1 male,  11  females,  with  same  data,  and  8 males  and 
5 females,  Forest  Home,  Calif,  XI-10  ’35  (M.  W.  Stone),  in  the 
writers’  collections;  1 female,  Los  Angeles  County,  Calif,  Eagle 
Rock  Canyon,  elevation  800  feet,  III-2  ’10  (F.  Grinnell,  Jr.),  in 
the  Ohio  State  Museum. 

Cyrtopogon  inversus  Curran 

Cyrtopogon  inversus  Curran,  Can.  Ent,  v.  55,  p.  172-173,  1923. 

Described  from  both  sexes  taken  at  Aspen  Grove,  British  Colum- 
bia, June  15  and  28,  1922  (P.  N.  Vroom),  and  Darcy,  British  Colum- 
bia, V-14  ’18  (W.  B.  Anderson),  Nicola,  British  Columbia,  VI-6  ’22 
(P.  N.  Vroom)  ; Chilcotin,  British  Columbia,  VI-7  ’20  (E.  R. 
Buckell)  ; Hadley,  British  Columbia,  V-15  ’20  (W.  B.  Anderson). 
Specimens  on  hand  from  the  following  localities : 

British  Columbia:  Chilcotin,  VI-19  ’23  (P.  N.  Vroom)  ; Kam- 
loops, V-24  ’23  (Vroom)  ; Lillooet,  V-27  ’25  (E.  R.  Buckell)  ; Nicola, 

V- 4  ’25  (Buckell)  ; Seton  Lake,  Lillooet,  V-27  and  VIM  ’26  (J. 
McDunnough).  Oreg.  : Eagle  Ridge,  Klamath  L,  V-16  ’24  (C.  L. 
Fox).  Wash.:  Signal  Peak,  Ranger  Station,  VII-3  ’33  (C.  H. 
Martin);  Virden,  VI-18  ’33  (C.  H.  Martin).  Wyo.  : Yellowstone 
National  Park,  VI-28  ’12  (R.  C.  Osburn).  Colo.:  Longs  Peak, 

VI- 14  to  19  ’22,  F.  4774,  about  9,000  feet  elevation. 

See  note  under  longimanus. 
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Cyrtopogon  aldrichi,  n.  sp. 

Male:  Length  10  mm.  Face  and  front  quite  densely  whitish 
pollinose  with  a slight  yellowish  tinge ; occiput  grayish-yellow 
pollinose,  subshining  black,  the  pollen  dense  along  the  eye  mar- 
gins; palpi  and  prbboscis  black.  Hairs  fine,  long,  dense,  black; 
a few  intermixed  at  the  middle  of  the  mystax,  beard  and  below 
on  the  proboscis  white.  Antennae  black;  first  joint  one  and 
two-fifths  times  the  length  of  the  second,  the  first  white  haired, 
the  second  black  haired;  third  joint  slender,  slightly  coarctate, 
one  and  four-fifths  times  the  length  of  the  first  two  together; 
style  slightly  more  than  one-half  the  length  of  the  third  joint. 

Mesonotum  largely  dull  shining  black ; the  anterior  portion, 
the  humeri,  lateral  margins  anterior  to  the  suture,  and  a small 
spot  medially  on  the  transverse  suture  grayish  pollinose ; the 
median  stripe  anterior  to  the  suture  faintly  brownish  pollinose 
and  anteriorly  for  a very  short  distance  bisected ; between  the 
humeri  and  the  central  stripe  there  is  also  some  brownish  pollen. 
Hairs  rather  long,  dense,  black,  a few  whitish  hairs  on  the  dorso- 
central  rows  posteriorly  ; twb  presutural  bristles,  black.  Scu- 
tellum  shining  black  and  long  black  haired.  Pleura  and  coxae 
grayish-brown  pollinose,  subshining  black;  hairs  of  the  coxae 
white,  of  the  pleura  black. 

"Abdomen  shining  black;  segments  3-6  with  narrow,  inter- 
rupted posterior  grayish  pollinose  fasciae,  the  one  on  segment 
6 very  broadly  interrupted.  Hairs  long,  dense,  black,  a few 
white  ones  intermixed  on  the  sides  of  the  first  segment.  Geni- 
talia rather  large,  shining  black,  and  black  haired. 

Legs  black;  bristles  black;  claws  black,  the  bases  reddish; 
anterior  pulvilli  brown,  the  hind  ones  whitish.  Fore  tarsi 
slender,  about  one  and  one-third  times  the  length  of  the  fore 
tibiae ; middle  tarsi  normal,  somewhat  shorter  than  the  middle 
tibiae;  the  joints  of  the  hind  tarsi  globular,  much  stouter  than 
the  anterior  ones,  together  about  four-fifths  the  length  of  the 
hind  tibiae.  Hairs  of  the  fore  and  middle  femora  and  tibiae 
long,  dense,  black  with  some  whitish  hairs  intermixed,  those  of 
their  tarsi  very  short,  black ; hind  femora  mixed  long  white  and 
black  haired  on  the  basal  two-thirds,  apically  on  the  anterior 
and  dorsal  sides  long  white  haired;  hind  tibiae  dorsally  with 
a crest  of  long  (1-|  times  the  width  of  the  tibiae),  dense,  nearly 
erect  white  hairs,  anteriorly  with  sparse  recumbent  white  hairs, 
and  ventrally  and  posteriorly  with  long  black  hairs ; hind  tarsi 
with  a similar  dorsal  frings,  mixed  white  and  black  on  segments 

51 


ENTOMOLOGICA  AMERICANA  Vol.  XVI,  No.  i 

1-3,  entirely  white  but  shorter  on  segments  4-5,  otherwise  hairs 
short,  black. 

Halteres  brown.  Wings  brownish,  the  costal  cell  and  clouds 
on  and  near  the  anterior  crossvein  dark  brown ; veins  black,  the 
anterior  crossvein  at  about  one-fifth  the  length  of  the  cliscal  cell ; 
anal  cell  quite  broadly  open. 

Female:  Length  12  mm.  Hairs  of  the  head  shorter,  those 
of  the  occiput  largely  white.  Mesonotum  largely  pollinose, 
behind  the  suture  largely  shining  black ; the  broad  lateral  mar- 
gins, humeri,  behind  and  to  the  sides  of  the  humeri,  a tapering 
median  bisecting  line  ending  before  the  suture,  and  a large  spot 
on  the  transverse  suture  medially  grayish  pollinose;  central 
stripe  and  intermediate  spots  brownish  pollinose;  hairs  before 
the  suture  black,  behind  the  suture  largely  white.  Scutellum 
with  a transverse  spot  of  grayish-yellow  pollen  at  the  base  and 
a few  white  hairs  basally,  otherwise  long  black  haired.  The 
mesopleura  anteriorly  black  haired,  otherwise  the  pleura  whitish 
haired.  Segments  2-5  of  the  abdomen  with  narrow  posterior 
grayish  pollinose  fasciae,  entire  on  segments  2-4 ; segments  6-8 
entirely  black,  the  apical  spines  brown ; hairs  entirely  white. 
Fore  coxae  about  one  and  two-fifths  times  as  long  as  the  fore 
tibiae;  the  hind  tarsi  stouter  than  the  fore  tarsi  and  somewhat 
shorter  than  the  hind  tibiae,  above  with  long  sparse  bristle-like 
black  hairs ; hind  tibiae  with  a shorter,  sparse,  dorsal  fringe  of 
white  hairs;  all  the  femora  white  haired.  Wings  nearly  hya- 
line, the  costal  cell,  crossveins  and  furcations  with  brownish 
clouds. 

Holotype:  Male,  Mt.  Home  Canyon,  San  Bernardino  Mts.,  Calif., 
VI-8  ’24  ( J.  M.  Aldrich)  ; in  the  U.  S.  National  Museum. 

Allotype:  Female,  same  data,  in  the  U.  S.  National  Museum. 

Paratypes : 3 females,  same  data,  two  in  the  writers’  collections, 
the  other  in  the  U.  S.  National  Museum ; 1 female,  Idlewild,  Calif., 
VI-25  ’28  (E.  C.  Van  Dyke),  in  the  California  Academy  of  Sciences. 

Cyrtopogon  stenofrons,  n.  sp. 

Male:  Length  12  mm.  Face  and  occiput  densely  gray  pol- 
linose; front,  vertex,  and  ocellar  tubercle  shining  black,  gray 
pollinose  along  the  eyes.  About  the  lower  one-fourth  of  the 
occipital  hairs,  those  on  the  first  joint  of  the  palpi,  and  a few 
at  the  base  of  the  proboscis  white ; otherwise  hairs  of  head 
entirely  black.  Antennae  black ; first  joint  1J  times  the  length 
of  the  second,  both  densely  long  black  haired,  the  second  with 
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2-3  black  bristles  below;  third  joint  rather  slender,  eoarctate, 
1J  times  the  length  of  the  first  two  joints  together;  style  about 
one-half  the  length  of  the  third  joint. 

Mesonotum  black;  the  central  stripes  brown  pollinose,  and 
the  intermediate  spots,  divided  by  the  transverse  suture,  shining 
brown ; otherwise  densely  yellowish-gray  pollinose.  Hairs 
rather  long,  dense,  black;  2-3  black  presutural  bristles,  3-4 
black  supra-alars,  and  2 yellowish  postalars.  Scutellum  con- 
vex, shining  black,  with  numerous  long  yellowish-white  hairs. 
Pleura  and  coxae  thinly  yellowish-gray  pollinose,  subshining 
black ; hairs  white,  those  on  the  neck  and  propleura  and  a dense 
long  erect  tuft  on  the  mesopleura  black;  the  hypopleurals  yel- 
lowish-white, with  a number  of  blackish  ones  above. 

Abdomen  black,  segments  2-6  with  narrow  posterior  gray 
pollinose  fasciae;  those  on  segments  2-3  entire,  slightly  nar- 
rowed at  middle ; on  segment  4 very  narrowly,  on  segment  5 
narrowly,  and  on  segment  6 very  broadly  interrupted.  Hairs 
yellowish-white,  long  on  the  lateral  margins  of  all  segments 
and  on  the  sides  of  segments  1-3 ; on  the  dorsum  short,  black. 
Genitalia  rather  large,  shining  black  and  black  haired. 

Legs  entirely  black ; claws  reddish  with  black  tips ; pulvilli 
and  empodium  light  brownish.  Bristles  of  the  femora,  about 
one-half  of  those  on  the  tibiae  (the  hind  tibiae  largely),  and  a 
few  on  the  tarsi  yellowish;  otherwise  black.  Hairs  of  the 
femora  largely  and  of  the  hind  tibiae  white ; otherwise  black. 
The  fore  tarsi  somewhat  elongate,  1 3/10  times  the  length  of  the 
fore  tibiae,  but  not  at  all  slender ; the  first  joint  one-half  the 
length  of  the  fore  tibiae. 

Base  and  stem  of  halteres  brown,  the  knob  dull  yellowish. 
Wings  hyaline,  with  faint  brown  clouds  on  the  crossveins  and 
furcations;  veins  dark  brown,  anterior  crossvein  at  about  one- 
seventh  the  length  of  the  discal  cell. 

Female:  Length  12  mm.  Similar.  About  the  lower  one- 
half  of  the  occiput  white  haired,  and  only  a few  of  the  outer 
hairs  on  the  proboscis  black.  The  hairs  on  the  postalar  calli 
and  posteriorly  on  the  mesonotum  white.  Pleura  white  haired ; 
the  hairs  on  the  neck  black;  the  mesopleurals  brownish  with  a 
few  yellowish  ones  intermixed.  Segments  2-5  of  abdomen  with 
narrowly  interrupted,  posterior,  gray  pollinose  fasciae;  hairs 
entirely  white,  shorter  on  the  lateral  margins  of  the  apical  seg- 
ments; apical  spines  brown. 
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Holotype : Male,  Grant  County,  N.  Mex.,  VI-24  ’34  (R.  T.  Kel- 
logg) ; deposited  in  the  California  Academy  of  Sciences. 

Allotype:  Female,  Silver  City,  N.  Mex.,  VI-1  ’34  (R.  T.  Kellogg)  ; 
deposited  in  the  California  Academy  of  Sciences. 

Paratypes:  2 females,  labeled,  “Ariz.”  in  the  U.  S.  National 
Museum ; and  male  and  female,  Grant  County,  N.  Mex.,  VII-2  ’35 
(R.  T.  Kellogg)  in  the  writers’  collection. 

Most  closely  related  to  inversus;  the  black  mystax,  white  hairs  of 
scutellum,  hypopleura,  and  abdomen,  lack  of  dense  white  hairs 
above  on  the  male  hind  tibiae  and  tarsi,  the  interrupted  pollinose 
bands  of  the  abdomen,  and  the  somewhat  narrower  face  and  front 
are  all  characters  which  separate  it  from  inversus.  The  male  fore 
tarsi  of  the  two  species  are  of  about  the  same  length,  but  those  of 
inversus  are  more  slender.  The  width  of  the  face  at  the  antennae 
is  five-ninths  the  width  of  one  eye  (male  inversus,  six-eighths),  and 
in  the  female  five-eighths  (female  inversus  seven-ninths). 

Cyrtopogon  dubius  Williston 

Cyrtopogon  dubius  Williston,  Trans.  Amer.  Ent.  Soc.,  v.  11,  p. 
13,  1884. 

Cyrtopogon  dubius  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p.  283, 
1909. 

Cyrtopogon  dubius  Melander,  Psyche,  v.  30,  p.  109,  1923. 

Cyrtopogon  tacomae  Melander,  Psyche,  v.  30,  116-118,  1923. 

Cyrtopogon  tacomae  Cole,  Pan-Pac.  Ent.,  v.  1,  p.  10,  1924. 

Described  from  a single  female  specimen  from  Mt.  Hood,  Oreg. 
Melander  described  tacomae  from  numerous  specimens  of  both  sexes 
from  Mt.  Rainier,  Wash.,  elevations  5,000-6,000  feet,  at  the  follow- 
ing places  in  the  park:  Paradise  Park,  Van  Trump  Park,  Indian 
Henry  Hunting  Ground,  Alta  Vista,  Mt.  Ararat,  and  Crystal  Moun- 
tain. Specimens  on  hand  from  the  following  localities : 

Oreg.:  Mt.  Hood,  elevation  3,000-6,000  feet,  VIII-5  ’25  (C.  L. 
Fox)  ; Mt.  Jefferson,  VIII-14  (A.  L.  Lovett).  Wash.:  Mt.  Baker, 
VII-9,  ’31  (R.  H.  Beamer)  ; Mt.  Adams,  VII-15  ’32  (A.  R.  Rolfs)  ; 
Mt.  Rainier,  Moraine  Park,  VIII-12  ’34  (Wm.  W.  Baker  and  R. 
Latta)  ; Mt.  Rainier,  Sunrise,  elevation  6,400  feet,  VIII-13  ’31, 
VII-27  to  IX-14  ’32,  VIII-10  ’34  (Wm.  W.  Baker,  Itol  J.  and  J. 
Wilcox,  C.  H.  and  D.  Martin)  ; Mt.  Rainier,  White  River  Camp, 
IX-14  ’32  and  IX-16  ’34  (Baker,  Wilcox,  Martin)  ; Tipsoo  Lake, 
VII-28  ’32  (Wilcox). 

We  regret  that  it  is  necessary  to  replace  a name  based  on  a 
description  from  which  the  species  is  easily  recognizable  by  a name 
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the  species  for  which  has  hitherto  never  been  recognized  since  it 
was  described.  The  unusual  amount  of  pollen  at  the  base  of  the 
scutellum  in  the  female  led  Williston  to  place  this  species  close  to 
profusus,  to  which  it  is  not  closely  related.  Through  the  kindness 
of  Dr.  R.  H.  Beamer,  University  of  Kansas,  a loan  of  the  type  of 
dubius  was  obtained  and  a careful  comparison  of  specimens  made 
possible.  The  legs  of  this  species  are  usually  entirely  black,  but  a 
few,  especially  of  the  females,  have  the  tibiae  and  tarsi  reddish. 

Cyrtopogon  rufotarsus  Back 

Cyrtopogon  rufotarsus  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 
275-276,  1909. 

Cyrtopogon  rufotarsus  Melander,  Psyche,  v.  30,  p.  107-108, 
1923. 

Described  from  specimens  of  both  sexes  taken  in  Gallatin  County, 
Mont.,  elevation  8,000-9,400  feet,  July  9-11  (E.  Kock).  One  of  the 
cotypes  and  the  following  are  at  hand : Mont.  : Trappers  Peak, 
Ravalli  County,  VII-9  ’31  (W.  L.  Jellison).  Colo.:  Ward,  VI-25 
’22,  about  9,300  feet  elevation,  F.4779.  Utah:  Uintah  Mts.,  Tryol 
Lake  (J.  C.  Fescher),  Mirror  Lake  (Truman  Swallow).  Oreg.  : 
Aneroid  Lake,  Blue  Mts.,  elevation  7,500  feet,  VII-23  ’29  (H.  A. 
Scullen) . 

Cyrtopogon  falto  (Walker) 

Dasypogon  falto  Walker,  List,  II,  355,  1849. 

Cyrtopogon  chrysopogon  Loew,  Cent.,  VII,  55,  1866. 

Dasypogon  falto  Walker,  Can.  Ent.,  Ill,  142,  1871. 

Dasypogon  falto  Osten  Sacken,  Cat.,  69,  1878. 

Cyrtopogon  chrysopogon  Howard,  Insect  Book,  PI.  XIX,  fig.  28, 
1902. 

Cyrtopogon  falto  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p.  263- 
264,  1909. 

Cyrtopogon  falto  Curran,  Can.  Ent.,  v.  55,  p.  173-174,  1923. 

Cyrtopogon  falto  Melander,  Psyche,  v.  30,  p.  107,  1923. 

Back  gives  the  following  distribution : Nova  Scotia  (type  of 
Walker),  Quebec  (Van  der  Wulp),  Montreal  Isl.,  Canada,  June  10 
(Chagnon)  ; Franconia  and  White  Mts.,  N.  H. ; Mass.,  June  1,  6,  and 
25;  Axton,  N.  Y.  (M.  and  H.)  ; N.  J.  (Smith  Cat.)  ; Fla.  (C.  W. 
Johnson)  ; 111.  (Osten  Sacken).  Curran  redescribes  the  species  and 
records  it  from  Quebec,  Ontario,  and  Manitoba.  In  addition 
Melander  records  it  from  Connecticut  and  North  Carolina.  Speci- 
mens are  at  hand  from  the  following  localities : Alberta  : Edmonton, 
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VI-26  ’18  (0.  S.  M.).  Manitoba:  Aweme,  VI-25  ’26  (N.  Criddle)  ; 
Treesbank,  VII-6  ’26  (R.  D.  Bird)  ; Melita,  VII-9  ’27  (E.  and  S. 
Criddle).  Quebec:  Aylmer,  VI-15  ’24 ( C.  H.  Curran)  ; Knowlton, 

VI- 21  and  22  ’17  (W.  J.  Brown)  ; Kazubazua,  VI-7  ’27  (F.  P.  Ide) 
and  VI-6  and  10  ’27  (Brown)  ; Farm  Point,  VI-26  ’27  (J.  McDun- 
nough)  ; St.  Lambert,  VI-13  ’27  (Walley  and  Brown)  ; Shawbridge, 

VII- 2  ’26,  VII-22  ’27  and  VII-5  ’28  (A.  F.  Winn)  ; Covey  Hill, 
VI-17  to  30  ’27  (Walley  and  Brown).  Ontario  : Miner’s  Bay,  V-26 
’27  (F.  P.  Ide)  ; Lyn,  VII-7  ’26  (G.  S.  Walley).  Nova  Scotia: 
Kentville,  VI-18  ’24  (R.  P.  Gorham) . N.  H. : Franconia,  Ac.  26226 
(Mrs.  A.  T.  Slosson).  N.  Y. : Babylon,  L.  I.,  VI-10  and  VII-1  ’34 
(F.  S.  Blanton)  ; Cold  Spring  Harbor,  L.  I.,  VI-15  ’31  (C.  H.  Cur- 
ran) ; Gowanda,  VI-13  ’13  (M.  C.  Van  Duzee)  ; Tuxedo,  Sta.  Study 
Insects,  VI-27  ’28  (C.  H.  Curran).  Mass.:  Sherborn,  VI-11  ’16 
(C.  A.  Frost).  Conn.:  Avon  Old  Farms,  Avon,  VI-15  ’29  (C.  H. 
Curran).  Wise.:  Door  County,  VI-20  to  26  ’31  and  VII-2  and  20 
’30  (C.  L.  Fluke  and  M.  H.  Doner)  ; Sturgeon  Bay,  VIII-14  ’21 
(C.  L.  Fluke).  N.  Dak.  : Tower  City,  VI-11  ’06  (M.  W.  R.). 

Cyrtopogon  alleni  Back  (Plate  IV) 

Cyrtopogon  alleni  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p.  261- 
262,  1909. 

Cyrtopogon  alleni  Melander,  Psyche,  v.  30,  p.  108,  1923. 

Described  from  a single  female  from  Mt.  Kearsarge,  N.  H.,  IX-13 
’03  (Dr.  G.  M.  Allen)  ; Melander  in  addition  records  it  from  North 
Carolina.  The  male  is  described  below. 

Male:  Length  12  mm.  Face  and  front  shining  black,  the 
sides  of  the  face  and  the  occiput  densely  grayish  pollinose. 
Face  at  the  antennae  about  five-eighths  the  width  of  one  eye, 
the  gibbosity  strong,  especially  above.  Central  one-third  of 
the  mystax  black,  the  sides  white,  the  hairs  rather  short,  those 
above  slightly  longer;  front  and  ocellar  tubercle  with  dense, 
rather  long,  erect,  black  hairs ; fringe  around  eyes  black ; occi- 
put, palpi,  and  proboscis  white-haired.  Antennae  black,  first 
joint  twice  as  long  as  the  second,  the  first  white-haired  below, 
above  and  the  second  joint  black-haired,  the  second  with  2-3 
fine  black  bristles  below ; third  joint  subequal  in  length  to  joints 
1-2  together;  style  tapering,  about  one-half  the  length  of  the 
third  joint. 

Mesonotum  black,  the  pollinose  pattern  not  nearly  so  promi- 
nent as  in  the  female  and  the  pollen  golden  rather  than  grayish  ; 
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the  dorsocentral  stripes  being  represented  by  elongate  spots 
opposite  the  suture.  Hairs  fine,  erect,  black;  narrowly  an- 
teriorly and  posteriorly,  and  on  the  humeri  and  postalar  calli 
white.  No  definite  bristles.  Scutellum  shining  black,  the  disc 
thinly  grayish  pollinose,  the  hairs  fine,  white.  Pleura  and 
coxae  grayish  pollinose,  the  hairs  entirely  white. 

Abdomen  polished  black,  the  sides  of  the  first  segment  and 
the  posterior  corners  of  segments  2-7  grayish  pollinose.  Hairs 
white,  rather  long  on  the  sides,  segments  2-7  dorsally  with  very 
sparse,  short,  black  hairs.  Genitalia  shining  reddish  brown, 
the  hairs  yellowish. 

Legs  entirely  reddish  brown,  the  femora  apically  slightly 
darker.  Femora  white  haired,  the  fore  ones  with  black  hairs 
dorsally;  tibiae  and  tarsi  black-haired  exclusive  of  the  orange 
pile  on  the  fore  and  hind  tibiae ; bristles  black ; claws  black,  the 
bases  narrowly  reddish ; pulvilli  brown.  The  fore  tibiae  longer 
than  the  fore  tarsi  (75-65)  ; the  first  joint  of  the  fore  tarsi 
longer  than  joints  2-4  together,  joint  5 somewhat  flattened  and 
slightly  longer  than  joint  2 ; claws  normal ; joints  1-4  with 
rather  long  dorsal  hairs  and  bristles. 

Wings  dark  brown,  the  brown  denser  in  the  costal,  first 
basal,  and  basally  in  the  submarginal  and  first  posterior  cells, 
the  subcostal  cell  largely  hyaline.  Veins  dark  brown;  the  an- 
terior crossvein  at  three-sevenths  the  length  of  the  discal  cell, 
anal  cell  broadly  open. 

Described  from  a male  specimen  with  the  following  data : Bar 
Harbor,  Maine,  VIII-18  ’20  (C.  W.  Johnson)  ; in  the  Boston  Society 
of  Natural  History. 

Female  specimens  have  been  seen  from  the  following  localities : 
Mass.  : Stony  Brook  Res.,  VIII-30  ’25.  New  Brunswick  : St.  John, 
VIII-10  ’01  (W.  McIntosh).  Ontario:  Toronto  (possibly  Guelph), 
VIII-5  ’24  (C.  Goldring).  Quebec:  Queen’s  Park,  Aylmer,  IX-2 
’26  (C.  B.  Hutchings).  This  is  the  only  species  with  the  legs 
entirely  reddish. 

Cyrtopogon  lapliriformis  Curran 

Cyrtopogon  laphriformis  Curran,  Occas.  Pap.  Bost.  Soc.  Nat. 

Hist.,  v.  5,  p.  59,  1923. 

Described  from  a single  male  taken  at  Intervale,  N.  H.,  VI-26  ’09 
(S.  A.  Shaw).  The  female  is  described  below. 

Female:  Length  12  mm.  Head  black,  face  and  occiput 
densely  and  the  front  thinly  grayish  pollinose.  Mystax  black 
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with  some  yellowish  hairs  intermixed  at  the  middle,  the  hairs 
on  the  oral  margin  much  longer  than  those  above ; front  and 
ocellar  tubercle  black  haired;  6-8  rather  definite  occipital 
bristles  and  a narrow,  short,  sparse  fringe  of  hairs  around  the 
eyes,  black;  otherwise  hairs  of  occiput,  palpi,  and  proboscis 
white.  Facial  gibbosity  slight,  flattened,  face  at  the  antennae 
three-fourths  the  width  of  one  eye.  Antennae  black,  the  first 
joint  slightly  longer  than  the  second,  both  black-haired,  long 
and  numerous  below  on  the  first  joint,  and  2 black  bristles  below 
on  the  second  joint;  third  joint  subequal  in  length  to  the  first 
two  joints  together ; style  two-thircls  the  length  of  the  third 
joint. 

Mesonotum  black,  the  central  stripe  subshining  black  and 
bisected  by  a narrow  brownish  pollinose  line ; the  humeri,  lateral 
and  posterior  margins,  transverse  suture,  and  the  dorsocentral 
stripes  posteriorly,  grayish  pollinose ; the  intermediate  area 
brownish  pollinose  appearing  subshining  black  at  certain  angles. 
Hairs  black,  a few  anteriorly  and  those  on  the  humeri  white. 
Bristles  slender,  black,  3 presutural,  5-6  supra-alar,  2 postalar 
(yellowish  on  one  side),  and  4-5  posterior  dorsocentral.  Scu- 
tellum  black,  the  narrow  base  densely  gray  pollinose ; hairs 
white.  Pleura  and  coxae  densely  grayish  pollinose  with  a 
slight  yellowish  tinge,  hairs  entirely  white. 

Abdomen  shining  black,  the  sides  of  the  first  segment  and 
the  posterior  corners  of  segments  2-5  grayish  pollinose,  on  seg- 
ments 2-4  the  pollen  narrowly  following  the  sutures  for  a short 
distance.  Hairs,  long,  white  on  segments  1-2 ; shorter,  sparse, 
erect  yellowish  on  segments  3-5  ; very  short  whitish  on  segments 
6-8 ; apical  spines  brown. 

Legs  as  described  for  male  except  that  the  bristles  on  the 
hind  tibiae  and  tarsi  are  largely  reddish  brown. 

Wings  hyaline,  the  marginal  cell  light  brownish  basally; 
veins  brown,  the  anterior  crossvein  at  three-sevenths  the  length 
of  the  discal  cell. 

Described  from  a female  specimen  with  the  following  data : 
Intervale,  N.  H.,  VI-28  ’26  (S.  A.  Shaw),  2220;  in  the  collection 
of  the  Boston  Society  of  Natural  History. 

This  species  appears  to  be  most  closely  related  to  anomalies  Cole. 
The  longer  mystax  on  the  oral  margin,  the  rather  weak  facial  gib- 
bosity, and  the  presence  of  occipital  and  posterior  dorsocentral 
bristles  are  all  characters  in  common  and  not  evident  in  the  other 
species. 
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Cyrtopogon  lyratus  Osten  Sacken 

Cyrtopogon  lyratus  Osten  Sacken,  Cat.,  232,  1878. 

Cyrtopogon  lyratus  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p.  265- 
266,  1909. 

Cyrtopogon  lyratus  Melander,  Psyche,  v.  30,  p.  108,  1923. 

Back  gives  the  following  distribution  • Catskill  Mountain  House, 
N.  Y.,  July  (type)  ; White  Mts.  and  Mt.  Washington,  N.  H.  (C.  W. 
Johnson).  Melander  in  addition  records  it  from  North  Carolina. 
Specimens  have  been  seen  from  the  following  localities : Maine  : 
Oquossoc,  VII-1  ’22  (C.  W.  Johnson).  N.  H. : Mt.  Washington, 
summit  (Mrs.  A.  T.  Slosson),  and  near  Glen  House,  elevation  2,500 
feet,  VII-16  ’15. 

Back,  in  his  alteration  of  Osten  Sacken ’s  description  to  include 
the  male,  described  the  mystax  as  entirely  black.  One  of  the  males 
at  hand  has  the  mystax  entirely  black,  while  the  other  two  have  a 
small  clump  of  white  hairs  below  the  antennae. 

Cyrtopogon  tenuis  Bromley 

Cyrtopogon  tenuis  Bromley,  Occas.  Pap.  Bost.  Soc.  Nat.  Hist., 
v.  5,  p.  126,  1924. 

Described  from  a male  and  female  specimen  taken  at  Southwest 
Harbor,  Maine,  VII-20  ’23  (C.  W.  Johnson).  We  have  not  seen 
this  species. 

Cyrtopogon  lepto tarsus  Curran 

Cyrtopogon  leptotarsus  Curran,  Can.  Ent.,  y.  55,  p.  186-187, 
1923. 

Described  from  specimens  of  both  sexes  taken  at  Norman,  Onta- 
rio, VII-19  ’08  (J.  B.  Wallis),  and  Sudbury,  Ontario,  1890,  VIII- 
’89  (Evans).  We  have  not  seen  this  species.  We  have,  however, 
seen  two  rather  poor  specimens  from  Colorado  that  might  be  placed 
here. 

Cyrtopogon  lineotarsus  Curran  (Plates  I,  III,  V) 

Cyrtopogon  lineotarsus  Curran,  Can.  Ent.,  v.  55,  p.  187-188, 
1923. 

This  species  was  described  from  a single  male  taken  at  Banff, 
Alberta,  VIII-3  ’08  (N.  B.  Sanson).  A female  specimen  doubtfully 
referred  here  is  briefly  described  below : 

Female:  Length  14  mm.  Mystax  entirely  and  hairs  of  occi- 
put and  proboscis  white ; hairs  of  front,  ocellar  tubercle,  and 
along  the  eye  margin  black ; the  hairs  below  on  the  first  antennal 
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joint  white.  Mesonotal  pattern  similar  to  that  described  for 
male  predator  excepting  that  the  area  between  the  humeri  and 
central  stripes  is  bare  of  pollen ; hairs  entirely  white.  Scutel- 
lum  slightly  convex,  the  discal  hairs  fine,  white,  those  on  the 
posterior  margin  stronger,  brownish.  Pleura  and  coxae  white 
haired,  a few  brownish  ones  intermixed  on  the  mesopleura. 
Segments  1-5  of  abdomen  with  entire  posterior  grayish  polli- 
nose  fasciae,  segments  6-8  bare  of  pollen;  hairs  apparently 
entirely  white,  longer  on  the  sides  of  segments  1-2.  Legs  en- 
tirely black,  the  tarsi  below  and  the  narrow  apices  reddish; 
femora  largely  white  haired;  tibiae  and  tarsi  black  haired. 
Wings  and  halteres  as  described  for  male  predator. 

Described  from  a female,  Glacier  Park,  Mont.,  VIII-5  ’25  (G. 
A.  Mail)  ; in  the  Canadian  National  Collection,  Ottawa. 

The  absence  of  black  hairs  in  the  mystax  would  seem  to  preclude 
the  possibility  of  this  being  the  female  of  lineotarsus ; however,  in 
two  female  specimens  of  an  undescribed  species  from  Colorado,  one 
has  a facial  stripe  of  black  hairs  and  the  other  has  the  mystax 
entirely  white  excepting  for  a few  black  hairs  below  the  antennae. 

See  note  under  predator. 

Cyrtopogon  predator  Curran 

Cyrtopogon  predator  Curran,  Can.  Ent.,  v.  55,  p.  188,  1923. 

This  species  was  described  from  a single  female  specimen  taken 
at  Fort  Fraser,  British  Columbia,  VIII-15  ’19  (W.  B.  Anderson). 
The  male  is  described  below : 

Male:  Length  11  mm.  Head  grayish  pollinose,  the  front 
and  occiput  subshining  and  the  central  part  of  the  face  shining 
black.  Mystax  white,  the  central  one-third  to  one-fourth  black ; 
hairs  of  front,  ocellar  tubercle,  and  a rather  wide  orbital  fringe 
black;  occipital  hairs  and  those  below  on  the  proboscis  white. 
Antennae  black,  first  joint  twice  the  length  of  the  second,  the 
first  white  haired  below,  above  and  the  second  joint  black  haired ; 
third  joint  equal  in  length  to  the  first  two  joints  together;  style 
two-thirds  the  length  of  the  third  joint. 

Mesonotum  largely  shining  black,  the  area  between  the 
humeri  and  central  stripe,  a transverse  band  behind  the  humeri, 
the  narrow  lateral  margins,  a medial  longitudinal  spot  on  the 
transverse  suture,  and  the  postalar  calli  grayish  pollinose  bor- 
dered narrowly  with  brown;  a very  narrow  short  anterior 
median  line  brownish.  Hairs  black,  those  on  the  humeri,  post- 
alar calli,  and  a few  posteriorly  on  the  mesonotum  whitish ; no 
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definite  bristles.  Scut  ell  um  slightly  convex,  the  broad  poste- 
rior margin  shining  black,  the  disc  thinly  grayish  pollinose,  the 
numerous  fine  hairs  white.  Pleura  and  coxae  grayish  pollinose, 
the  hairs  white,  those  on  the  mesopleura  black. 

Abdomen  black,  segments  1-6  with  narrow  entire  posterior 
grayish  pollinose  fasciae.  Hairs  rather  long,  on  the  first  seg- 
ment and  on  the  sides  and  posterior  margins  of  the  remaining 
segments  white,  otherwise  black.  Genitalia  black  and  black 
haired. 

Legs  black,  the  hind  tibiae  and  the  tarsi  reddish;  bristles 
black ; claws  black,  the  bases  narrowly  reddish ; pulvilli  brown- 
ish. Hairs  of  the  femora  largely  white,  dorsally  and  apically 
black;  tibiae  black  haired,  excepting  the  usual  golden  pile  on 
the  fore  and  hind  pairs  and  the  fore  tibiae  ventrally  with  a 
rather  long  fringe  of  white  hairs ; middle  and  hind  tarsi  black 
haired.  Fore  tarsi  yellowish-red,  the  joints  together  shorter 
than  the  fore  tibiae;  the  last  joint  extremely  flattened  and  sub- 
equal in  length  to  joints  2-4  together;  segments  1-2  dorsally 
with  short  black  hairs;  joints  1-4  anteriorly  and  posteriorly 
with  short  whitish  bristles,  and  with  long  slender  black  bristles 
arising  dorsally  on  the  anterior  side;  joint  5 equal  in  width  to 
the  other  joints,  bare  excepting  for  a rather  dense  dorsal  apical 
patch  of  short  black  hairs;  the  minute  claws  black  and  the 
minute  pulvilli  brown. 

Knob  of  halteres  yellowish-red,  the  base  and  stem  brown. 
Wings  glassy  hyaline,  the  veins  brown,  the  anterior  crossvein 
at  about  two-fifths  the  length  of  the  discal  cell. 

Described  from  a male,  Mt.  Rainier,  Wash.,  White  River  Camp, 
IX-11  ’32  (J.  Wilcox),  deposited  in  the  Canadian  National  Collec- 
tion. 

Additional  specimens  from  the  following  localities : Wash.  : same 
data  as  above  (Wilcox  and  Martin)  ; Tacoma,  YIII-7  to  IX-4  ’32 
(Wm.  W.  Baker,  Martin,  and  Wilcox).  Idaho:  Long  Valley, 
Alpha,  VII-25  ’34  (Dorothy  Martin). 

Mr.  G.  Stuart  Walley  has  very  kindly  compared  specimens  of 
both  sexes  with  the  types  of  predator  and  lineotarsus  and  could  find 
no  essential  differences,  other  than  in  the  color  of  the  legs.  It  seems 
possible  that,  with  more  collecting,  predator  may  have  to  be  made  a 
synonym  of  lineotarsus. 

Cyrtopogon  planitarsus,  n.  sp.  (Plates  III,  V) 

Male:  Length  13  mm.  Black,  cheeks,  palpi,  and  proboscis 
shining ; otherwise  grayish  pruinose,  the  vertex,  ocellar  tubercle, 
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and  upper  occiput  very  thinly  so.  Mystax  white  with  a narrow 
vertical  line  of  black  hairs  in  the  middle  of  the  face ; hairs  of 
the  front,  ocellar  tubercle,  vertex  and  occiput  black;  those  on 
the  lower  occiput  behind,  on  the  palpi,  and  on  the  proboscis 
white;  the  ocellar  tubercle  with  a dense  lateral  tuft  of  black 
hairs  on  each  side,  extending  well  over  the  eyes.  Antennae 
black ; hairs  long  white  below  on  the  first  two  joints,  short  black 
above ; first  joint  nearly  twice  the  length  of  the  second ; the 
third  joint  subequal  in  length  to  the  first  two  joints  together, 
gradually  broadening  to  the  apical  two-thirds ; style  tapering, 
slightly  more  than  one-third  the  length  of  the  third  joint. 

Mesonotum  shining  black,  the  dorsocentral  stripes,  the 
median  stripe,  and  a transverse  spot  behind  the  humeri  golden- 
brown  pollinose ; the  lateral  margins,  transverse  suture,  postalar 
calli,  and  the  disc  of  the  scutellum  grayish  pollinose.  Hairs 
erect,  black,  longer  on  the  scutellum ; no  definite  bristles. 
Pleura,  and  coxae  excepting  the  mesopleura,  which  are  shining 
black,  grayish-yellow  pollinose ; hairs  white,  mesopleural  hairs 
black,  the  liypopleurals  brownish  above,  yellowish  below. 

Abdomen  shining  black,  segments  1-5  with  complete  pos- 
terior gray  pollinose  fasciae,  somewhat  indistinct  at  the  middle 
of  the  fifth  segment ; segment  6 with  the  hind  corners  gray 
pollinose,  segment  7 and  the  genitalia  entirely  black.  Hairs 
white,  long  on  the  sides  of  the  first  three  segments,  short  other- 
wise ; hairs  on  the  genitalia  black. 

Legs,  excepting  the  fore  tarsi,  black ; the  bristles  black ; hairs 
of  the  femora  largely  white,  of  the  tibiae  black,  exclusive  of  the 
usual  yellowish  pile  anteriorly  on  the  fore  and  posteriorly  on  the 
hind  tibiae,  hairs  of  the  tarsi  black ; claws  black,  the  bases  red- 
dish; pulvilli  brown.  Joints  1-4  of  the  fore  tarsi  yellowish- 
red;  the  fifth  joint  translucent,  narrowly  brownish  and  black  at 
the  apex,  extremely  flattened  and  subequal  in  length  to  joints 
2-4  together,  the  minute  claws  black;  joints  1-4  with  very  long 
black  bristles  anteriorly  and  posteriorly  and  with  shorter  white 
ones  ventrally.  Pore  tibiae  with  a dense  posterior  fringe  of 
black  bristles  and  hairs. 

Halteres  yellowish,  the  base  brown.  Wings  hyaline,  the 
veins  brown,  anterior  crossvein  at  about  two-fifths  length  of  the 
discal  cell. 

Female:  Length  14  mm.  Similar.  Lacking  the  long  lateral 
tufts  of  hair  on  the  ocellar  tubercle.  Pollinose  pattern  of  the 
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mesonotum  more  distinct,  the  central  black  stripe  bisected  by  a 
golden-brown  pollinose  line.  Upper  two-thirds  of  the  hypo- 
pleural  hairs  black,  lower  one-third  yellowish.  Segments  1-5 
of  the  abdomen  with  complete  posterior  pollinose  fasciae;  seg- 
ments 6-8  bare  of  pollen,  somewhat  brownish ; apical  spines 
brown.  Pore  tarsi  black,  normal ; the  claws  normal. 

Holotype:  Male,  Strawberry  Mt.,  Grant  County,  Oreg.,  elevation 
8,600  feet,  VIII-25  ’32  (D.  K.  Frewing)  ; deposited  in  the  California 
Academy  of  Sciences. 

Allotype:  Female,  same  data;  deposited  in  the  California  Acad- 
emy of  Sciences. 

Paratypes : Male,  3 females,  same  data,  one  taken  at  9,600  feet 
elevation  and  from  VIII-23  to  IX-2  ’32,  in  the  writers’  collections. 

Cyrtopogon  profusus  Osten  Sacken  (Plate  IV) 

Cyrtopogon  profusus  Osten  Sacken,  West.  Dipt.,  305,  1877. 
Cyrtopogon  profusus  Williston,  Trans.  Amer.  Ent.  Soc.,  v.  11, 
p.  13,  1884. 

Cyrtopogon  profusus  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 
286-287,  1909. 

Cyrtopogon  profusus  Melander,  Psyche,  v.  30,  p.  10,  1923. 
Described  from  both  sexes  from  Morino  Valley,  N.  Mex.,  July 
1 (W.  L.  Carpenter)  ; Sangre  de  Cristo  Mountains,  July  (the 
same).  Williston  records  it  from  New  Mexico  (from  Mr.  E. 
Keen)  ; Back  records  it  from  Kansas  (F.  H.  Snow).  Specimens 
are  on  hand  from  the  following  localities : Colo.  : Colo.  4645 ; Estes 
Park,  July  1892  (F.  H.  Snow)  ; Cornet  Creek,  Telluride,  VII-9  ’19, 
F.4375B.,  about  10,100  feet  elevation;  Custer  County,  9,000  feet, 
VIII-10  and  11  ’28  (R.  H.  Painter).  N.  Mex.:  Magdalena;  Mag- 
dalena Mts.,  VII-  ’94  (Snow). 

Cyrtopogon  evidens  Osten  Sacken  (Plate  IV) 

Cyrtopogon  evidens  Osten  Sacken,  West.  Dipt.,  p.  306,  1877. 
Cyrtopogon  evidens  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 
'288,  1909. 

Cyrtopogon  evidens  Melander,  Psyche,  v.  30,  p.  109,  1923. 
Described  from  both  sexes  taken  at  Webber  Lake,  Sierra  Ne- 
vada, Calif.,  July  22-24  (Osten  Sacken).  Specimens  are  at  hand 
from  the  following  localities : Calif.  : Angora  Lake,  Tahoe,  VII-28 
’15  (M.  C.  Van  Duzee) ; Crescent  Mills,  Plumas  County  (W.  J. 
Chamberlin)  ; Fallen  Leaf  Lake,  VII-4  ’14;  Fallen  Leaf  Lake,  El 

63 


ENTOMOLOGICA  AMERICANA  Vol.  XVI,  No.  i 


Dorado  County,  VIII,  1931  (E.  C.  Van  Dyke  and  0.  H.  Swezey)  ; 
Giant  Forest,  VII-28  ’29  (R.  H.  Beamer,  Paul  W.  Oman,  L.  D. 
Anderson)  ; Gold  Lake  Camp,  Plumas  County,  VII-20  ’16  (H.  G. 
Dyar)  ; Lakeside,  Tahoe,  VI-29  ’27  (J.  M.  Aldrich)  ; Sequoia  Na- 
tional Park,  elevation  7,000-9,000  feet,  VIII-2  ’29  (A.  T.  McClay)  ; 
Strawberry,  VII-6  ’19;  Tioga  Road,  VIII-7  (D.  G.  Hall)  ; Yosem- 
ite  Valley,  VII-12  ’24  (E.  C.  Van  Dyke).  Oreg.  : Antelope  Mt., 
Harney  County,  elevation  6,500  feet,  VII-15  ’31  (D.  K.  Frewing)  ; 
Bull  Prairie,  Lake  County,  elevation  7,000  feet,  VII-21  to  27  ’32 
(D.  K.  Frewing)  ; Crater  Lake,  elevation  6,000-7,000  feet,  VIII-1 
and  4 ’30  (H.  A.  Scullen)  ; Ft.  Klamath,  VII-20  ’32  (D.  K.  Frew- 
ing). Wash:  Mt.  Adams,  Signal  Peak,  elevation  4,500  feet,  VII- 
10  ’27  (M.  W.  Stone). 

See  note  under  swezeyi  and  nugator. 

Cyrtopogon  swezeyi,  n.  sp.  (Plate  IV) 

Female:  Length  10  mm.  Head  grayish  pollinose,  the  front 
largely  brownish.  Mystax  black,  rather  sparse  and  the  hairs 
stronger  than  usual;  hairs  of  front,  vertex,  and  along  the  eye 
margin  black,  of  ocellar  tubercle,  upper  occiput,  beard,  palpi, 
and  proboscis  white.  Antennae  black,  first  joint  slightly 
longer  than  the  second,  both  white  haired,  the  second  with  a 
slender  black  bristle  below ; third  joint  If  times  the  length  of 
the  first  two  joints  together;  style  slightly  less  than  one-half 
the  length  of  the  third  joint. 

Mesonotum  grayish  pollinose,  the  central  stripes  plainly 
and  the  intermediate  spots  indistinctly  brown,  the  central  bi- 
secting line  yellowish-brown  pollinose.  The  sparse  hairs 
white;  the  two  presutural  bristles  black.  Scutellum  slightly 
convex,  the  disc  gray  pollinose,  the  broad  margin  black;  hairs 
shorter  than  usual,  white.  Pleura  and  coxae  gray  pollinose, 
the  hairs  entirely  white. 

Abdomen  black,  segments  1-5  with  entire  posterior  gray 
pollinose  fasciae;  segments  6-8  entirely  black;  apical  spines 
brown;  hairs  entirely  white,  longer  on  the  sides  of  segments 
1-3. 

Legs  black,  the  bristles  on  the  femora  and  tibiae  white, 
excepting  those  at  the  apex  of  the  tibiae  and  a row  of  short 
ones  dorsally  on  the  fore  tibiae,  which  are  black ; bristles  of 
tarsi  black,  several  white  ones  on  the  metatarsi;  claws  black, 
reddish  basally ; pulvilli  and  empodium  light  brownish.  Hairs 
white,  on  the  outer  tarsal  joints  black;  the  usual  golden  pile 
on  the  fore  and  hind  tibiae  and  below  on  the  tarsi. 
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Hafteres  brown,  the  base  and  stem  darker.  Wings  glassy 
hyaline,  the  veins  brown,  anterior  crossvein  at  two-fifths  the 
length  of  the  discal  cell. 

Holotype:  Female,  Bryce  Canyon,  Utah,  VI-21  ’33  (0.  H. 
Swezey)  ; in  the  California  Academy  of  Sciences. 

Paratypes : Female,  Satus  Creek,  Wash.,  VII-15  ’33  (M.  C. 
Lane),  and  female,  Signal  Peak,  Wash.,  Banger  Station,  VI-21 
’35  (J.  Wilcox). 

This  species  is  close  to  C.  evidens  0.  S.  but  the  white  hairs  of 
the  ocellar  tubercle,  first  two  antennal  joints,  mesonotum,  scutel- 
lum,  mesopleura,  and  tibiae,  the  largely  white  bristles  of  the  fem- 
ora and  tibiae,  the  lack  of  supra-alar  and  postalar  bristles,  and  the 
much  less  evident  intermediate  spots  of  the  mesonotum  are  char- 
acters which  readily  separate  it. 

Cyrtopogon  anomalies  Cole  (Plate  IV) 

Cyrtopogon  anomalies  Cole,  Proc.  Calif.  Acad.  Sci.,  4th  series, 
v.  11,  no.  7,  p.  231-232,  1919. 

Cyrtopogon  anomalies  Melander,  Psyche,  v.  30,  p.  109,  1923. 
Described  from  both  sexes  taken  at  Hood  Biver,  Oreg.,  VI-13 
’17  (F.  B.  Cole),  and  Forest  Grove,  Oreg.,  July  and  August. 
Melander  also  recorded  it  from  Washington.  Specimens  are  at 
hand  from  the  following  localities : Oreg.  : Burnt  Biver,  Lime,  VI- 
20  ’34  (C.  H.  and  D.  Martin)  ; Corvallis  (A.  C.  McCormick)  ; 
Harper,  V-13  ’33  (F.  H.  Shirck)  ; Mehama,  VI-19  ’32  (J.  Wilcox). 
Wash.  : Blewett,  V-30,  VI-12  and  VIII-4  ’32  (Wilcox  and  Martin)  ; 
Cle  Elum,  VI-25  ’33,  VII-4  ’32  (Wilcox);  Naches,  VII-10  ’32 
(Wilcox);  Sumner,  VI-17  ’32  (Martin  and  Wilcox).  Idaho: 
Parma,  V-13  to  VI-15  ’34  (C.  H.  and  D.  Martin)  ; Horseshoe  Bend, 
Payette  Biver  (Martin).  British  Columbia:  Agassiz,  VII-15  and 
22  ’26  (H.  H.  Boss  and  B.  Glendenning) . 

Cyrtopogon  rattles  Osten  Sacken  (Plate  IV) 

Cyrtopogon  rattus  Osten  Sacken,  West.  Dipt.,  p.  308,  1877. 
Cyrtopogon  rattus  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p.  285- 
286,  1909. 

Cyrtopogon  rattus  Melander,  Psyche,  v.  30,  p.  109,  1923. 
Described  from  both  sexes,  Webber  Lake,  Sierra  County,  Calif., 
July  22  (Osten  Sacken).  Specimens  on  hand  from  the  following 
localities:  Calif.:  Strawberry  Valley,  Eldorado  County,  VIII-9  ’12 
(E.  C.  Van  Dyke)  ; Mt.  Lassen,  elevation  8,000  feet,  VII-14  ’34 
(G.  P.  Engelhardt)  ; Portola,  IX-5  ’17 ; Tuolumne  Meadows,  Yosem- 

65 


ENTOMOLOGICA  AMERICANA  Vol.  XVI,  No.  i 


ite  Park,  VII-4  ’27  (J.  M.  Aldrich).  Oreg.  : Strawberry  Mt., 
Grant  County,  8,600  feet,  VIII-23  to  25  ’32  (D.  K.  Frewing). 

See  note  under  caesius. 

Cyrtopogon  caesius  Melander 

Cyrtopogon  caesius  Melander,  Psyche,  v.  30,  p.  112-113,  1923. 

Described  from  both  sexes  taken  on  the  South  slope  of  Mt. 
Adams,  Wash.,  elevation  4,000  feet,  VII-24  ’21  (Melander).  Speci- 
mens are  on  hand  from  the  following  localities : Wash.  : Signal 
Peak,  VII-2  ’33  (C.  H.  Martin),  and  VI-21  ’35  (S.  E.  Crumb,  J. 
Wilcox).  Oreg.:  Crater  Lake,  south  rim,  elevation  7,100  feet, 
VIII-1  ’30  (H.  A.  Scullen)  and  6,180  feet,  VIII-11  ’35  (Geo.  Fer- 
guson). Wyo.  : Green  River,  VII-2  ’20,  F.  4737,  elevation  about 
6,100  feet;  Rock  Springs,  VI-28  ’20,  F.  4738A,  elevation  about 
6,500  feet. 

This  species  may  prove  to  be  synonymous  with  rattus.  In  his 
key  for  rattus  Melander  says : 1 ‘ Hypopleural  pile  black ; hairs  of 
hypopygium  yellowish  white ; mystax  white ; abdomen  of  both  sexes 
gray  except  front  angles  of  segments;  tibial  bristles  white  except 
those  at  tips  and  on  front  side  of  first  pair.  ” In  his  description  of 
rattus  Osten  Sacken  says,  “The  fan-like  fringe  of  hairs  in  front  of 
the  halteres  is  white.  Face  and  front  grayish  pollinose,  the  former 
with  a white  mystax ; the  bristles  above  the  mouth  are  black  ...” 

In  a male  specimen  of  rattus  on  hand,  the  first  abdominal  seg- 
ment is  entirely  pollinose;  the  second  has  an  anterior  pollinose 
vitta  that  is  narrowly  connected  with  the  wide  posterior  vitta  on 
the  dorsum;  the  third  has  the  anterior  and  posterior  vittae  nar- 
rowly separated;  the  fourth  has  the  two  vittae  more  widely  sepa- 
rated and  the  anterior  vitta  smaller ; the  fifth  has  but  a very  slight 
trace  of  the  anterior  vitta  and  the  posterior  vitta  is  emarginate  on 
its  anterior  border  at  the  middle  ; on  the  sixth  the  anterior  vitta 
is  very  small  but  the  posterior  vitta  covers  about  three-fourths  of 
the  segment,  and  on  the  fifth  about  two-thirds. 

Cyrtopogon  thompsoni  Cole 

Cyrtopogon  thompsoni  Cole,  Proc.  Calif.  Acad.  Sci.,  4th  series, 
v.  11,  no.  15,  p.  255-256,  1921.. 

Cyrtopogon  thompsoni  Melander,  Psyche,  v.  30,  p.  110,  1923. 

Described  from  a pair  of  specimens  taken  at  Burns,  Oreg.,  May, 
1919  (B.  G.  Thompson).  No  other  specimens  are  known.  The 
writers  have  examined  the  types  and  established  its  close  relation- 
ship to  ablaut oides,  but  because  of  the  greased  condition  of  the  ab- 
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clomen  it  cannot  be  stated  that  the  species  are  synonymous.  The 
pollinose  band  on  the  first  abdominal  segment  of  the  female  is 
entire;  the  posterior  margin  of  the  scutellum  bears  several  black 
bristles  in  addition  to  the  abundant  finer  white  hairs;  and  the 
middle  tibiae  and  tarsi  of  the  male  bear  the  prominent  tufts  of 
white  hairs  on  the  anterior  side  as  described  by  Melander  for 
ablaut  oides. 

See  note  under  ablaut  oides. 

Cyrtopogon  ablautoides  Melander  (Plate  IV) 

Cyrtopogon  ablautoides  Melander,  Psyche,  v.  30,  p.  111-112, 
1923. 

Described  from  both  sexes  taken  at  Mabton,  Wash.,  V-3  ’ll 
(Melander)  ; Lind,  Wash.,  May  and  June  (P.  W.  Carlson)  ; Colum- 
bia River  near  Trinidad,  Wash.,  May  1,  1919,  and  Wenatchee, 
Wash.,  IV-12  (Melander).  Specimens  are  on  hand  from  the  fol- 
lowing localities:  Wash.:  Lind,  V-15  ’26  (M.  C.  Lane);  Moses 
Coulee,  V-7  ’33  (J.  Wilcox),  and  IV-28  to  V-5  ’35  (Itol  J.  and  J. 
Wilcox) . 

Enough  variation  was  found  in  the  large  series  of  specimens 
taken  in  1935  so  that  both  species  could  be  segregated;  conse- 
quently it  seems  that  ablautoides  at  most  can  be  considered  but  a 
variety  of  thompsoni. 

Cyrtopogon  nitidus  Cole  (Plates  I,  IV) 

Cyrtopogon  nitidus  Cole,  Pan-Pac.  Ent.,  v.  1,  p.  10-11,  1924. 
Described  from  both  sexes  taken  at  Forks,  Clallam  County, 
Wash.,  VII-4  ’20  (E.  P.  Van  Duzee).  Besides  a paratype,  speci- 
mens from  the  following  locality  are  at  hand : Wash.  : Mt.  Rainier, 
Carbon  River,  VIII-13  and  23  ’33  (R.  Latta). 

This  species  has  the  appearance  of  a Dioctria;  however,  the  very 
strongly  gibbous  face  prevents  it  from  being  included  in  that 
genus. 

Cyrtopogon  tibialis  Coquillett  (Plate  IV) 

Cyrtopogon  tibialis  Coquillett,  Proc.  Ent.  Soc.  Wash.,  v.  6,  p. 
183,  1904. 

Cyrtopogon  tibialis  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p.  285, 
1909. 

Cyrtopogon  tibialis  Melander,  Psyche,  v.  30,  p.  109,  1923. 
Described  from  three  female  specimens  from  Arizona  (H.  K. 
Morrison).  The  male  is  described  below. 
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Male:  Length  11  mm.  Face  black,  subshining  golden- 
brown  pollinose,  at  most  angles  with  a well  defined  narrow 
transverse  spot  below  the  antennae ; front,  ocellar  tubercle, 
and  upper  occiput  yellowish-gray  pollinose ; lower  occiput 
gray  pollinose.  Mystax  and  hairs  of  front,  ocellar  tubercle, 
and  a fringe  around  the  eyes  black ; remainder  and  larger  part 
of  the  occipital  hairs  and  beard  and  hairs  of  palpi  and  pro- 
boscis white.  Antennae  black,  hairs  on  the  first  two  joints 
and  a strong  bristle  below  on  the  second  black;  first  joint 
slightly  longer  than  the  second;  the  third  nearly  twice  the 
length  of  the  first  two  joints  together,  the  lower  third  much 
narrower  than  the  apical  two-thirds;  style  about  one-third  the 
length  of  the  third  joint. 

Mesonotum  black,  subshining  laterally,  largely  dirty  gray- 
ish pollinose,  the  central  stripes  and  the  larger  intermediate 
area  divided  by  the  transverse  suture  brownish.  Hairs  fine, 
black;  bristles  back,  2 presuturals,  1-2  supra-alars,  and  1-2 
postalars.  Scutellum  densely  grayish  pollinose,  sides  and  nar- 
row apical  margin  shining  black ; hairs  sparse,  fine,  black, 
largely  confined  to  the  posterior  margin.  Pleura  and  coxae 
grayish  pollinose  with  a touch  of  brown  on  the  mesopleura ; 
hairs  of  the  coxae,  prothorax,  and  sternoplenra  white,  of  the 
mesopleura  black ; hypopleural  hairs  white,  the  upper  one-third 
black. 

Abdomen  shining  black;  the  sides  of  the  first  segment,  seg- 
ments 2-4  with  very  narrowly  interrupted  posterior  fasciae 
(on  segments  2-3  there  is  a trace  of  connecting  pollen),  and 
segments  5-6  with  broadly  interrupted  posterior  fasciae  ex- 
tending anteriorly  along  the  lateral  margins  gray  pollinose. 
Hairs  on  the  sides  of  the  first  three  segments  rather  long, 
white,  on  the  dorsum  very  short,  white ; on  the  remaining  seg- 
ments very  short,  black,  excepting  a few  whitish  ones  on  the 
hind  angles  of  segments  4-5.  Genitalia  shining  black  with 
black  hairs,  a few  yellowish  hairs  apicalty  and  ventrally. 

Femora  black,  reddish-brown  below  at  the  apex ; basal 
three-fourths  of  the  tibiae  dark  reddish-brown  above,  entirely 
so  below;  tarsi  black  above,  reddish-brown  below.  Hairs  of 
the  femora  white  excepting  on  the  dorsum  where  they  are 
black;  hind  tibiae  largely  white  haired  but  with  some  black 
hairs  anteriorly  and  the  usual  golden  pile;  middle  tibiae  en- 
tirely black  haired ; fore  tibiae  black  haired  excepting  the  usual 
golden  pile ; tarsi  black  haired ; bristles  black ; claws  white  with 
black  tips ; empodium  and  pulvilli  white. 
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Knob  of  lialteres  dull  yellowish,  the  remainder  brown. 
Wing's  clear  hyaline  basally,  with  grayish  villi  apically;  veins 
dark  brown,  anterior  crossvein  at  the  basal  one-third  of  the 
cliscal  cell. 

Described  from  a male  collected  at  Silver  City,  N.  Mex.,  VII-9 
’33  (E.  T.  Kellogg)  ; deposited  in  the  U.  S.  National  Museum. 

Additional  specimens  of  both  sexes  with  the  same  data,  and 
VII-16  ’32  (R.  T.  Kellogg)  ; and  Globe,  Ariz.,  Sept.  (D.  K.  Dun- 
can). 

One  of  the  males  and  most  of  the  females  have  the  entire  venter 
of  the  femora  reddish-brown ; the  pollinose  bands  on  the  abdomen 
of  the  females  are  about  as  described  for  the  male ; and  the  hypo- 
pleural  hairs  of  the  females  are  entirely  white,  showing  somewhat 
the  same  sexual  differences  with  reference  to  these  as  C.  rejectus 
0.  S. 

Cyrtopogon  lutatius  ( Walker)  (Plates  I,  IV) 

Dasypogon  lutatius  Walker,  List,  II,  357,  1849. 

Dasypogon  lutatius  Walker,  Can.  Ent.,  Ill,  142,  1871. 
Cyrtopogon  lutatius  Osten  Sacken,  Cat.,  281,  1878. 
Cyrtopogon  lutatius  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 
265,  1909. 

Cyrtopogon  lutatius  Curran,  Can.  Ent.,  v.  55,  p.  139-141, 
1923. 

Cyrtopogon  lutatius  Melander,  Psyche,  v.  30,  p.  110,  1923. 
Back  gives  the  following  distribution:  Nova  Scotia  (Walker); 
Brookline,  Mass.  (C.  W.  Johnson),  and  Chicopee,  Mass.  (F.  Ivnab)  ; 
and  Cayuga  Lake,  and  Pike,  N.  Y.  Curran  describes  both  sexes 
from  Jordan,  Ontario,  VI-1  ’19,  VI-6  ’20  (C.  H.  Curran)  ; Bat- 
hurst, New  Brunswick,  VII-26  (J.  N.  Knull)  ; Drumgold,  Pa., 

VI- 11  ’19  (A.  B.  Champlain)  ; Carlisle  Junction,  Pa.,  VI-27  ’10. 
Melander  records  it  also  from  Maryland  and  Virginia.  Specimens 
are  on  hand  from  the  following  localities : N.  Y. : Alleghany  Park, 

VII- 17  ’27  (M.  C.  Van  Duzee)  ; Chautauqua  County,  May  and  June, 
1934  (S.  W.  Bromley)  ; Cold  Spring  Harbor,  L.  I.,  VI-26  ’30  (C. 
H.  Curran)  ; Golden,  V-31  ’14  (M.  C.  Van  Duzee).  N.  H. : Fran- 
conia (Mrs.  A.  T.  Slosson).  Mass.:  Bine  Hills,  No.  220  (Hy.  Ed- 
wards). Mich.:  Douglas  Lake,  VII-23  ’28  (M.  W.  Boesel).  Que- 
bec: Aylmer,  VII-4  and  22  ’24  (C.  H.  Curran).  Conn.:  Union, 
VII-1  ’20. 
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Cyrtopogon  infuscatus  Cole  (Plates  I,  IY) 

Cyrtopogon  infuscatus  Cole,  Proc.  Calif.  Acad.  Sci.,  4th  series, 
y.  9,  p.  233,  1919. 

Cyrtopogon  infuscatus  Melander,  Psyche,  v.  30,  p.  110,  1923. 

Described  from  a single  male  taken  at  Pamelia  Lake,  Mt.  Jeffer- 
son, Oreg.,  elevation  3,000  feet,  VII-12  ’07  (J.  C.  Bridwell).  The 
female  is  described  below. 

Female:  Length  11  mm.  Head  black,  palpi,  proboscis,  and 
cheeks  shining ; remainder  of  the  head  uniformly  grayish- 
white  pollinose.  Face  at  the  antennae  nearly  equal  to  the 
width  of  one  eye ; face  extremely  gibbous,  hemispherical. 
Sparse  mystax  black,  with  a few  weaker  white  hairs  inter- 
mixed; hairs  of  front,  ocellar  tubercle,  and  occiput,  and  a 
sparse  fringe  around  the  eyes  black;  beard  and  hairs  of  palpi 
and  proboscis  white.  Antennae  black,  first  two  joints  notice- 
ably gray  pollinose ; first  two  joints  together  but  slightly  less 
than  the  length  of  the  third,  style  one-half  the  length  of  the 
third ; hairs  on  the  first  two  joints  sparse,  black,  a strong  black 
bristle  below  on  the  second  joint. 

Thorax  gray  pollinose,  the  central  stripes  and  the  inter- 
mediate larger  spots  divided  by  the  transverse  suture  blackish- 
brown.  Hairs  entirely  black,  a few  longer  ones  on  the  pos- 
terior dorsocentral  rows;  bristles  black,  3-4  presuturals,  5-6 
supra-alars,  and  5-6  postalars.  Scutellum  uniformly  but  not 
ver}^  heavily  gray  pollinose;  hairs  black,  marginal  ones  long, 
disc  covered  with  shorter  hairs.  Pleura  and  coxae  gray  polli- 
nose and  white  haired  excepting  a few  black  hairs  on  the  pos- 
terior part  of  the  mesopleura. 

Abdomen  shining  black;  sides  of  the  first  segment  and  seg- 
ments 2-6  with  quite  broadly  interrupted  posterior  gray  polli- 
nose fasciae  which  on  segments  2-5  are  broad  laterally  and 
more  or  less  acute  mesally.  Hairs  on  the  sides  and  lateral 
margins  of  the  first  two  segments  rather  long,  white ; also  a 
few  white  hairs  on  the  posterior  lateral  margins  of  segments 
3-6 ; remainder  of  the  hairs  short,  black.  Seventh  segment 
entirely  black  and  short  white  haired ; apical  spines  brownish, 
with  golden  hairs  at  tip  of  abdomen. 

Legs  shining  black,  but  a trace  of  gray  pollen.  Hairs  of 
the  femora  and  tibiae  entirely  white  excepting  a patch  of 
golden  pile  at  the  apex  of  the  hind  tibiae  and  on  the  anterior 
side  of  the  fore  tibiae : hairs  of  the  tarsi  black,  with  golden 
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pile  below;  bristles  all  black.  Claws  black  with  narrow  red- 
dish-brown bases;  pnlvilli  brown;  empodinm  light  brown. 

Halteres  brown  with  knob  lighter  brown.  Wings  uni- 
formly light  grayish-brown,  somewhat  more  intense  along  the 
first  two  veins ; veins  black,  anterior  crossvein  at  one-fourth 
the  length  of  the  discal  cell. 

Described  from  a female  specimen  collected  at  Sherwood  Forest 
Camp,  Mt.  Hood,  Oreg.,  VI-26  ’32  (J.  Wilcox),  deposited  in  the 
California  Academy  of  Sciences. 

Large  series  of  specimens  are  at  hand  from  the  following  locali- 
ties: Calif.:  Meadow  Valley,  Plumas  County,  elevation  3,500-4,000 
feet,  VI-16  ’24  (E.  C.  Van  Dyke)  ; Fallen  Leaf  Lake,  Lake  Tahoe, 

VI- 28  ’30  (A.  T.  McClay).  Oreg.:  Alsea  Mt.,  VII-4  ’30  (J.  Wil- 
cox) ; Bull  Prairie,  Lake  County,  elevation  7,000  feet,  VII-23  to  27 
’32  (D.  K.  Frewing)  ; Mt.  Hood,  Sherwood  Forest  Camp,  VI-29 
’30,  VI-26  ’32,  VII-17  ’33  (J.  Wilcox)  ; Strawberry  Mt.,  Grant 
County,  elevation  8,600  feet,  VIII-26  to  31  ’32  (D.  K.  Frewing)  ; 
Sumpter,  VI-9  ’34  (C.  H.  Martin).  Wash.:  Mt.  Rainier,  White 
River  Camp,  VII-30  to  IX-11  ’32,  ’33,  ’34  (Itol  J.  and  J.  Wilcox, 
C.  H.  and  D.  Martin)  ; Mt.  Rainier,  Sunrise,  elevation  6,400  feet, 

VII- 27  ’32  (Wm.  W.  Baker)  ; Rainier  National  Forest,  Lodgepole 
Camp,  VIII-16  ’32  (Wm.  W.  Baker)  ; Bumping  Lake,  IX-5  ’32 
(Wm.  W.  Baker)  ; Bumping  Lake,  IX-5  ’32  (J.  Wilcox).  British 
Columbia:  Steelhead,  VII-13  ’33  (Hugh  B.  Leech).  Idaho:  Long 
Valley,  Alpha,  VII-1  ’34  (Dorothy  Martin). 

Cyrtopogon  fumipennis,  n.  sp.  (Plates  I,  IV) 

Male:  Length  9 mm.  Face,  front,  ocellar  tubercle,  vertex, 
and  occiput  yellowish-gray  pollinose,  lower  occiput  gray  polli- 
nose ; palpi  and  proboscis  black.  Mystax  black,  a few  whitish 
hairs  at  the  middle ; hairs  of  front,  vertex,  ocellar  tubercle, 
upper  occiput,  narrowly  along  the  eye  margin,  and  on  the 
second  joint  of  the  palpi  black ; beard  and  hairs  of  the  pro- 
boscis and  first  joint  of  the  palpi  white.  Antennae  black,  first 
two  joints  subequal  in  length,  and  black  haired ; third  joint  1-| 
times  the  length  of  the  first  two  joints  together,  widest  at  the 
apical  two-thirds ; style  slightly  more  than  one-third  the  length 
of  the  third  joint. 

Mesonotum  yellowish-gray  pollinose,  with  a broad  central 
stripe  and  large  anterior  and  smaller  posterior  intermediate 
spots  brown  pollinose,  subshining,  the  anterior  spots  narrowly 
confluent  with  the  central  stripes.  Hairs  black ; bristles  black, 
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2 presuturals,  4 fine  supra-alars,  ancl  2 postalars.  The  disc 
and  posterior  margin  of  the  scutellnm  grayish-yellow  polli- 
nose, the  side  of  the  disc  shining  black;  hairs  sparse,  black. 
Pleura  and  coxae  yellowish-gray  pollinose,  the  lower  portion 
of  the  mesopleura  shining  black;  hairs  white,  3-4  black  ones 
mixed  in  with  the  upper  hypopleurals. 

Abdomen  shining  black,  sides  of  the  first  segment  and  seg- 
ments 2-6  with  very  broadly  interrupted  posterior  gray  polli- 
nose fasciae,  the  seventh  segment  and  the  genitalia  entirely 
black.  Long  hairs  on  the  sides  of  the  first  two  segments  and 
posteriorly  on  the  sides  of  segments  3-6  white ; otherwise  black, 
short  on  the  sides  and  very  short  on  the  dorsum ; genitalia 
black  haired. 

Legs  black ; bristles  black ; claws  black,  the  bases  reddish ; 
pulvilli  and  empodium  brown.  Hairs  of  the  femora  and 
tibiae  white,  of  the  tarsi  black. 

Halteres  yellowish-white,  the  base  and  stem  brown.  Wings 
infuscated,  the  apical  part  beginning  at  the  cliscal  cell  darker, 
and  a darker  cloud  at  the  base  of  the  first  submarginal  cell 
extending  through  the  marginal  cell  into  the  subcostal  cell; 
veins  dark  brown;  anterior  crossvein  at  about  one-sixtli  the 
length  of  the  cliscal  cell. 

Female:  Length  9 mm.  Very  similar.  Style  more  than 
one-half  the  length  of  the  third  joint.  Hypopleural  hairs  en- 
tirety white.  Only  the  posterior  corner  of  the  sixth  abdominal 
segment  pollinose,  segments  7-8  entirety  black,  apical  spines 
brown. 

Holotype : Male,  Mt.  Rainier,  Wash.,  White  River  Camp,  VII-30 
’33  (C.  H.  Martin),  deposited  in  the  California  Academy  of 
Sciences. 

Allotype:  Female,  same  data,  VI-17  ’34  (J.  Wilcox)  ; deposited 
in  the  California  Academy  of  Sciences. 

Paratypes : 1 male,  2 females  from  type  locality,  IX-4  ’32,  VII- 
30  and  VI 1 1-20  ’33  (C.  H.  and  D.  Martin  and  J.  Wilcox)  ; 1 male, 
Signal  Peak,  Wash.,  Ranger  Station,  VII-20  ’33  (P.  M.  Eide)  ; 
1 female,  Mt.  Adams,  Wash.,  Yakima  Indian  Forest  Reservation, 
elevation  3,000  feet,  VI-30  ’25  (E.  C.  Van  Dyke)  ; 1 male,  4 
females.  Long  Valley,  Alpha,  Idaho,  VI-10  to  VII-1  ’34  (C.  H.  and 
D.  Martin)  ; in  the  writers’  collections;  female,  Pruest  Lake,  Idaho, 
1923  (C.  V.  Piper),  in  the  U.  S.  National  Museum;  female,  Sugar 
Lake,  British  Columbia,  IV-5  ’24  (E.  R.  Bucliell),  in  the  Canadian 
National  Collection. 
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Cyrtopogon  rejectus  Osten  Sacken  (Plates  I,  V) 

Cyrtopogon  rejectus  Osten  Sacken,  West.  Dipt.,  p.  307,  1877. 

Cyrtopogon  positivus  Osten  Sacken,  West.  Dipt.,  p.  307,  1877. 

Cyrtopogon  rejectus  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 

289,  1909. 

Cyrtopogon  positivus  Back,  Trans,  Amer.  Ent.  Soc.,  v.  35,  p. 

290-291,  1909. 

Cyrtopogon  rejectus  Melander,  Psyche,  v.  30,  p.  110,  1923. 

Cyrtopogon  positivus  Melander,  Psyche,  v.  30,  p.  110,  1923. 

Cyrtopogon  rejectus  was  described  from  four  female  specimens 
from  Webber  Lake,  Sierra  County,  Calif.,  July  22-24,  and  Summit 
Station,  Central  Pacific  Railroad,  Calif.,  July  17  (Osten  Sacken)  ; 
and  positivus  from  three  male  specimens  from  the  same  locality 
although  Back  gives  records  from  Moscow,  Idaho  (F.  H.  Snow), 
and  Cloudcroft,  N.  Mex.  (May  17,  23,  27).  Melander  also  records 
it  from  Arizona  and  Oregon.  A pair  were  taken  in  copula  by  the 
writers,  making  the  above  synonymy  necessary,  and  besides,  there 
is  no  question  of  the  close  relationship  in  spite  of  the  difference  in 
the  color  of  the  hypopleural  hairs,.  Specimens  are  at  hand  from 
the  following  localities:  Calif.:  Calaveras  Big  Trees,  VI-7  ’31  (E. 
C.  Van  Dyke)  ; Giant  Forest,  VII-28  ’29  (R.  H.  Beamer  and  P.  W. 
Oman;  Gold  Lake  Camp,  Plumas  County,  VII-19  ’16  (H.  G. 
Dyar)  ; Meadow  Valley,  Plumas  County,  elevation  3,500-5,000  feet, 
VI-8  to  15  ’24  (E.  C.  Van  Dyke)  ; Truckee,  VI-17  ’27  (E.  P.  Van 
Duzee)  ; Yosemite  Valley,  VII-7  ’21  (E.  C.  Van  Dyke).  Oreg.  : 
Antelope  Mt.,  Harney  County,  elevation  6,500  feet,  VII-13  and  25 
’31  (D.  K.  Frewing)  ; Diamond  Lake,  Douglas  County,  VII-17  ’34 
(E.  C.  Van  Dyke)  ; Hart  Mt.,  Lake  County,  elevation  7,000  feet, 
VIII-2  ’32  (D.  K.  Frewing)  ; Hood  River,  VII-1  ’17  (L.  Childs)  ; 
Mt.  Hood,  Sherwood  Forest  Camp,  VI-26  ’33  (J.  Wilcox)  ; North 
Fork  Malheur  River,  Harney  County,  elevation  4,400  feet,  VIII-11 
’32  (D.  K.  Frewing).  Wash.:  Mt.  Adams,  Klickitat  River,  eleva- 
tion 3,000  feet,  VII-16  ’33  (J.  Wilcox)  ; Mt.  Rainier,  White  River 
Camp,  IX- 14  ’32  and  VIII-20  ’33  (Wm.  W.  Baker,  Martin  and 
Wilcox)  ; Yelm,  VII-15  ’33  (Martin).  Idaho:  Long  Valley,  Alpha, 
VI-10  to  VII-1  ’34  (C.  IT.  and  D.  Martin).  , 

Cyrtopogon  sudator  Osten  Sacken  (Plates  I,  III,  V) 

Cyrtopogon  sudator  Osten  Sacken,  West.  Dipt.,  p.  307,  1877. 

Cyrtopogon  sudator  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p.  29, 

1909. 

Cyrtopogon  sudator  Melander,  Psyche,  v.  30,  p.  110.  1923. 
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Described  from  both  sexes  taken  at  Webber  Lake,  Sierra  County, 
Calif.,  July  22-24,  and  Summit  Station,  Central  Pacific  Railroad, 
Calif.,  July  17  (Osten  Sacken).  Melander  also  records  it  from 
Oregon  and  Washington.  Specimens  are  on  hand  from  the  follow- 
ing localities:  Calif.:  Lake  Tahoe,  VI-22  and  26  ’25  (E.  N.  Nast)  ; 
Sequoia  National  Park,  elevation  7,000-9,000  feet,  VI-26  ’29  (A.  T. 
McClay)  ; Truckee,  VI-12  and  18  ’27  (H.  and  E.  P.  Van  Duzee), 
and  VII-2  ’34  (M.  W.  Stone)  ; Yosemite  Valley,  VII-5  ’21  (E.  C. 
Van  Dyke).  Idaho:  Moscow  Mts.,  VI-26  (P.  M.  Hull).  Oreg.  : 
Antelope  Mt.,  Harney  County,  elevation  6,500  feet,  VII-14  ’31  (D. 
K.  Prewing).  Wash.:  Mt.  Adams,  elevation  6,000  feet,  VII-3  ’25 
(M.  C.  Lane)  ; Mt.  Adams,  Signal  Peak,  elevation  4,500  feet,  VII-10 
’27  (F.  H.  Shirck)  ; Mt.  Rainier,  Sunrise,  elevation  6,400  feet, 
VII-27  to  IX-14  ’32  (S.  E.  Crumb,  Wm.  W.  Baker,  Itol  J.  and  J. 
Wilcox,  C.  H.  and  D.  Martin)  ; Mt.  Rainier,  White  River  Camp, 
IX-7  ’32  (Wilcox)  ; Signal  Peak,  Ranger  Station,  VII-2  ’33  (C.  H. 
and  D.  Martin).  British  Columbia:  Kaslo,  VII-21  ’08  (J.  W. 
Cockle), 

See  note  under  curtipennis. 

Cyrtopogon  curtipennis,  n.  sp.  (Plates  III,  V) 

Male:  Length  9 mm.  Pace  shining  black,  thinly  golden- 
brown  pollinose  with  a large  transverse  spot  below  the  an- 
tennae; front  and  ocellar  tubercle  thinly,  vertex  and  occiput 
densely,  gray  pollinose.  Mystax  black;  hairs  of  front,  vertex, 
ocellar  tubercle,  and  narrowly  around  the  eyes  black;  hairs  of 
occiput,  palpi,  and  proboscis  white.  Antennae  black,  first  two 
joints  subequal  in  length,  both  black  haired,  the  second  below 
with  a black  bristle ; third  joint  1J  times  the  length  of  the  first 
two  joints  together,  broadest  at  the  apical  two-thirds,  strongly 
narrowed  on  about  the  basal  one-third ; style  one-half  the 
length  of  the  third  joint. 

Mesonotum  gray  pollinose,  the  central  stripes  and  inter- 
mediate spots  light  brownish  pollinose.  Hairs  black;  bristles 
black,  2-3  presuturals,  2 supra-alars,  and  1 postalar.  Scutel- 
lum  flattened,  densely  gray  pollinose,  the  narrow  margin  shin- 
ing black;  the  sparse,  fine  hairs  black.  Mesopleura  golden- 
brown,  remainder  of  pleura  yellowish-gray,  and  the  coxae 
gray,  pollinose;  hairs  white  excepting  the  black  mesopleurals 
and  the  hypopleurals  black  anteriorly  and  white  posteriorly. 

Abdomen  shining  black,  the  sides  of  the  first  segment,  and 
segments  2-5  with  narrow  posterior  fasciae  gray  pollinose,  the 
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one  on  segment  2 narrowly  connected  at  the  middle,  the  others 
narrowly  interrupted.  Hairs  white,  long  on  the  sides  of  seg- 
ments 1-2,  short  otherwise.  Genitalia  black  and  short  black 
haired. 

Legs  black;  bristles  black,  the  fore  tibiae  posteriorly  and 
ventrally  with  quite  a long  dense  fringe  of  bristle-like  hairs 
which  are  3 or  4 times  the  diameter  of  the  tibiae;  claws  black 
with  reddish  bases ; pulvilli  light  brown ; empodium  reddish. 
Hairs  black;  the  fore  femora  posteriorly,  the  middle  femora 
posteriorly  and  ventrally,  and  the  hind  femora  entirely  white 
haired;  the  usual  pile  anteriorly  on  the  fore  tibiae  and  pos- 
teriorly on  the  hind  tibiae  golden. 

Halteres  yellowish-white,  the  base  and  stem  brown.  Wings 
shorter  and  broader  than  usual ; hyaline  basally,  lightly  infus- 
cated  apically  with  a definite  brown  cloud  extending  from  the 
anterior  crossvein  to  the  apex  of  the  auxiliary  vein,  darker 
and  elongate  in  the  subcostal  and  marginal  cells;  veins  dark 
brown,  anterior  crossvein  at  one-fourth  the  length  of  the  dis- 
cal  cell;  fourth  posterior  cell  slightly  narrowed. 

Female : Length  9 mm.  Face  grayish-yellow  pollinose  with 
a transverse  spot  of  gray  below  the  antennae,  the  face  sub- 
shining brownish-black  at  the  angle  where  the  spot  is  most 
apparent.  The  pollinose  bands  on  abdominal  segments  2-4 
narrowly  interrupted  and  on  segment  5 quite  broadly  inter- 
rupted; apical  spines  brown.  On  the  fore  tibiae  posteriorly 
there  is  a double  row  of  sparse,  stout,  fairly  long,  black  bristles, 
and  ventrally  some  black  hairs  about  one-half  the  length  of 
those  in  the  males. 

Holotype : Male,  Carrville,  Trinity  County,  Calif.,  elevation 
2,400-2,500  feet,  VI-1'  ’34  (E.  C.  Van  Dyke)  ; in  the  California 
Academy  of  Sciences. 

Allotype:  Female,  with  same  data;  in  the  California  Academy 
of  Sciences. 

Paratypes : 2 males  with  same  data  and  1 female  with  same 
data,  V-25  ’34,  in  the  writers’  collections. 

Most  closely  related  to  C.  sudator  0.  S.  It  differs  in  the 
shorter,  broader,  and  infuscated  wings  and  less  broad  face  and 
front  (in  male  two-thirds  the  width  of  one  eye,  in  female  four- 
fifths;  sudator , in  male  six-sevenths,  in  female  subequal),  and  lacks 
the  dense  white  pollen  of  the  front  and  anterior  portion  of  the 
mesonotum  of  sudator. 
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Cyrtopogon  vanduzeei,  n.  sp.  (Plate  Y) 

Male : Length  8 mm.  Face,  front,  vertex,  and  ocellar 
tubercle  densely  silvery- white  pollinose;  the  occiput  gray  pol- 
linose ; palpi  and  proboscis  black.  Mystax  white,  the  hairs  on 
the  sides  and  oral  margin  black ; hairs  otherwise  black,  except- 
ing the  beard,  which  is  white.  Face  at  the  antennae  three- 
fourths  the  width  of  one  eye,  noticeabty  divergent  below.  An- 
tennae black;  first  and  second  joints  short,  subequal  in  length, 
black  haired;  the  third  joint  If  times  the  length  of  the  first 
two  joints  together,  broadest  just  beyond  the  middle;  style 
one-half  the  length  of  the  third  joint. 

Mesonotum  black,  the  humeri  and  anterior  portion  densely 
silvery-white  pollinose,  the  intermediate  spots  before  and 
behind  the  suture  brownish  pollinose,  the  remainder  gray  pol- 
linose, the  lateral  margins  subshining  black.  Hairs  black ; 
bristles  fine,  black;  2 presuturals,  2 supra-alars,  and  3-4  very 
fine  postalars.  Disc  of  the  scutellum  yellowish-graj^  pollinose, 
the  posterior  margin  broadly  shining  black,  hairs  black. 
Pleura,  and  coxae  yellowish-gray  pollinose,  hairs  of  the  prono- 
tum,  propleura,  and  coxae  white,  of  the  mesopleura  and  hypo- 
pleura  black,  sternopleural  hairs  yellowish  and  brown. 

Abdomen  shining  black,  the  sides  of  the  first  segment  gray 
pollinose,  segments  2-6  with  narrow,  broadly  interrupted,  pos- 
terior grayish  pollinose  fasciae,  segments  4-6  with  indistinct 
anterior  narrow  brownisli-gray  pollinose  fasciae  broadly  sepa- 
rated from  the  lateral  margins ; seventh  segment  and  genitalia 
black  with  some  faint  pollen  dorsally.  Hairs  yellowish,  long 
on  the  sides  of  the  first  three  segments ; genitalia  short  black 
haired. 

Legs  black ; bristles  black ; claws  black,  reddish  basally  ; 
pnlvilli  and  empodium  brownish.  Hairs  of  the  fore  femora 
black,  whitish  posteriorly;  middle  femora  black  haired  ante- 
riorly and  dorsally,  whitish  haired  otherwise  ; hind  femora  whit- 
ish haired  with  short  black  hairs  dorsally;  tibiae  and  tarsi 
black  haired  with  the  usual  golden  pile  anteriorly  on  the  fore 
tibiae  and  posteriorly  on  the  hind  tibiae. 

Halteres  dull  yellowish,  the  base  brown.  Wings  infuscated, 
darker  apicalty,  veins  brown,  anterior  crossvein  slightly  before 
the  middle  of  the  discal  cell. 

Female : Length  9 mm.  Mystax  largely  black  with  a num- 
ber of  white  hairs  at  the  middle;  face  and  front  white  pol- 
linose, occiput  light  yellowish-brown  pollinose.  Mesonotum 
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silvery  white  pollinose  anteriorly,  the  broad  central  stripe  more 
or  less  confluent  with  the  intermediate  spots,  light  brownish 
pollinose.  Abdomen  with  the  sides  of  the  first  segment  and 
segments  2-4  with  narrowly  interrupted  posterior  gray  pol- 
linose fasciae,  the  fasciae  on  5 broadly  interrupted;  segments 
6-8  black,  the  apical  spines  brown ; hairs  white,  long  on  the 
sides  of  segments  1-2,  shorter  on  3,  and  very  short  and  incon- 
spicuous on  the  remaining  segments.  Wings  hyaline,  infus- 
cated  anteriorly  and  apically,  anterior  crossvein  at  about  two- 
fifths  the  length  of  the  discal  cell. 

Holotype : Male,  Glen  Alpine,  Tahoe,  Calif.,  VI-29  ’29  (E.  P. 
Van  Duzee)  ; in  the  California  Academy  of  Sciences. 

Allotype : Female,  Hood  River,  Oreg.,  VI-2  ’17  (L.  Childs)  ; in 
the  California  Academy  of  Sciences. 

Paratypes:  Male,  same  as  holotype;  male,  Tenino,  Wash.,  V-15 
’32  (C.  H.  Martin)  ; male,  Puyallup,  Wash.,  VI-12  ’33,  and  female, 
V-26  ’35  (Wilcox)  ; female,  near  Long  Barn,  Tuolumne  County, 
Calif.,  Bald  Mt.,  elevation  5,600  feet,  IV-20  ’34  (E.  P.  Van  Duzee)  ; 
female,  same  data  as  allotype,  VII-12  ’17 ; female,  Olympia,  Wash., 

V- 29  ’33  (Martin),  and  3 males  and  2 females,  Satus  Pass,  Wash., 

VI- 23  ’35  (S.  E.  Crumb  and  Wilcox). 

See  note  under  rainieri. 

Cyrtopogon  rainieri,  n.  sp.  (Plate  V) 

Male : Length  7.5  mm.  Face  white,  front  and  ocellar  tuber- 
cle whitish-yellow,  vertex  and  upper  occiput  grayish-yellow, 
and  lower  occiput  gray,  pollinose.  Mystax  black,  the  lower 
hairs  whitish  at  the  tip ; hairs  of  front,  ocellar  tubercle,  ver- 
tex, upper  occiput,  along  the  eye  margin,  palpi,  and  proboscis 
black ; beard  white.  Antennae  black,  first  joint  slightly  longer 
than  the  second,  both  black  haired;  the  third  If  times  the 
length  of  the  first  two  joints  together,  widest  at  the  apical  two- 
thirds  ; style  one-third  the  length  of  the  third  joint. 

Humeri,  anterior  portion  of  the  mesonotum,  and  the  broad 
central  stripe  extending  nearly  to  the  suture  densely  whitish- 
yellow  pollinose,  the  dorsocentral  stripes  and  the  lateral  mar- 
gins dark  brown,  subshining ; small  intermediate  spot  brownish 
pollinose.  Hairs  black ; bristles  slender,  black,  2-3  presuturals, 
1 supra-alar,  and  2 postalars.  Scutellum  slightly  convex,  the 
disc  yellowish  pollinose,  the  broad  margin  shining  black,  the 
hairs  black.  Pleura  and  coxae  gray  pollinose  with  brownish 
areas  on  the  pleura ; hairs  of  mesopleura  and  hypopleura  black, 
otherwise  white. 
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Abdomen  black,  sides  of  the  first  segment  and  segments  2-6 
with  rather  broadly  interrupted  posterior  grayish-brown  pol- 
linose  fasciae,  segment  5 with  an  indistinct  brownish  anterior 
fascia  not  reaching  the  sides,  and  segment  6 appearing  entirely 
light  brownish  pollinose  at  some  angles ; segment  7 and  the 
genitalia  black.  Hairs  on  the  sides  of  segments  1-4  white,  long 
on  segments  1-3 ; on  the  dorsum  of  4 and  on  the  remaining 
segments  and  the  genitalia  short  black. 

Legs  black ; bristles  black ; claws  black,  reddish  basally ; 
pulvilli  and  empodium  light  brownish.  Hairs  black,  below  on 
the  hind  femora  and  a few  below  on  the  middle  femora  whit- 
ish; the  usual  golden  pile  on  the  fore  and  hind  tibiae,  and 
below  on  the  tarsi. 

Halteres  dull  yellowish-brown,  the  base  brown.  Wings 
slightly  infuscated,  the  basal  and  anal  cells  hyaline ; veins  dark 
brown,  anterior  crossvein  at  tliree-sevenths  the  length  of  the 
discal  cell. 

Female : Length  9 mm.  Head  grayish-yellow  pollinose, 
mystax  black.  Humeri  and  anterior  portion  of  the  mesonotum 
dull  grayish  pollinose,  the  central  stripe,  the  dorsocentral 
stripes,  and  the  intermediate  spots  golden-brown  pollinose. 
Sides  of  the  first  abdominal  segment  and  segments  2-5  with 
posterior  gray  pollinose  fasciae  narrowly  interrupted  at  the 
middle,  segments  6-8  entirely  black,  apical  spines  brown.  An- 
terior crossvein  at  the  middle  of  the  discal  cell. 

Holotype : Male,  Mt.  Rainier,  White  River  Camp,  VII-30  ’33 
(Itol  J.  Wilcox)  ; deposited  in  the  California  Academy  of  Sciences. 

Allotype : Female,  same  data  (Dorothy  Martin)  ; deposited  in 
the  California  Academy  of  Sciences. 

Paratypes : Male  and  female,  with  same  data  (Martin  and  Wil- 
cox), 2 males  and  1 female,  same  data,  IX-2  ’32,  VII-20  ’35  and 
VI-17  ’34  with  (Wilcox)  ; male,  Hood  River,  Oreg.,  VI-8  ’17  (L. 
Childs)  ; female,  Mt.  Hood,  Oreg.,  Sherwood  Forest  Camp,  VI-26 
’32  (Wilcox). 

This  species  is  very  close  to  vanduzeei,  differing  by  the  black 
mystax,  longer  first  antennal  joint,  and  by  the  hairs  on  the  fore 
femora  in  the  females  being  largely  black,  while  in  vanduzeei  they 
are  white  posteriorly.  The  face  of  vanduzeei  is  quite  divergent 
below  and  slightly  broader. 

Cyrtopogon  nugator  Osten  Sacken  (Plate  V) 

Cyrtopogon  nugator  Osten  Sacken,  West.  Dipt.,  p.  307,  1877. 
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Cyrtopogon  nugator  Williston,  Trans.  Amer.  Ent.  Soc.,  v.  11, 
p.  13,  1884. 

Cyrtopogon  nugator  Back,  Trans.  Amer.  Ent.  Soc.,  v.  35,  p. 
289-290,  1909. 

Cyrtopogon  nugator  Curran,  Can.  Ent.,  v.  55,  p.  138,  1923. 
Cyrtopogon  nugator  Melander,  Psyche,  v.  55,  p.  110,  1923. 
Described  from  both  sexes  taken  at  Webber  Lake,  Sierra 
County,  Calif.,  July  22-24  (Osten  Sacken).  Williston  records  it 
from  Oregon,  Back  from  New  Mexico,  Curran  from  British  Co- 
lumbia, and  Melander  from  Washington  and  Idaho.  Specimens  are 
on  hand  from  the  following  localities : Calif.  : Grass  Lake,  Tahoe 
(M.  C.  Van  Duzee)  ; Tioga  Road,  VIII-7  (Hall  and  Hall)  ; Yosem- 
ite  Valley,  VII-12  ’21  (E.  C.  Van  Dyke).  Oreg.  : Homestead  Inn, 
Mt.  Hood,  VII-2  ’27  (E.  C.  Van  Dyke).  Wash.:  Signal  Peak, 
Ranger  Station,  VII-16  ’33  (Wilcox),  VII-21  ’34  (Wm.  W.  Baker)  ; 
Rainier  National  Forest,  Lodgepole  Camp,  IX-8  ’35  (S.  E.  Crumb, 
Baker,  Wilcox) . Idaho  : Lake  Waha,  VI-18  ’30  ( J.  M.  Aldrich) . 

This  species  has  the  claws  white  with  black  tips,  and  the  tibiae 
black  haired.  The  Idalm  specimens  listed  above  may  prove  to  be 
distinct,  as  they  have  the  hind  tibiae  white  haired.  In  a few 
specimens,  the  pollinose  fasciae  on  the  first  abdominal  segment  is 
entire,  in  which  case  it  might  be  confused  with  evidens,  the  white 
claws  however  will  readily  separate  them. 

See  note  under  bariksi. 

Cyrtopogon  sansoni  Curran 

Cyrtopogon  sansoni  Curran,  Can.  Ent.,  v.  55,  p.  138-139,  1923. 
Described  from  a male  and  female  specimen  taken  at  Banff, 
Alberta,  VII-5  ’15  (N.  B.  Sanson),  and  VII-9  ’16  (C.  G.  Hewitt). 
We  have  not  recognized  this  species  in  our  material. 

Cyrtopogon  banski,  n.  sp. 

Male : Length  10  mm.  Face  black  with  a transverse  spot 
of  golden  pollen  below  the  antennae ; front  and  occiput  grayish 
pollinose ; palpi  and  proboscis  shining  black.  Hairs  black, 
those  of  the  occiput  and  below  on  the  proboscis  white;  the 
orbital  fringe,  as  usual,  black.  Antennae  black,  the  first  joint 
slightly  longer  than  the  second,  both  black  haired,  the  second 
with  an  apical  bristle  below;  third  joint  one  and  three-fourths 
times  the  length  of  the  first  two  joints  together;  the  style  one- 
third  the  length  of  the  third  joint. 

Mesonotum  grayish  pollinose,  the  central  stripes,  abbrevi- 
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atecl  anteriorly  ancl  posteriorly,  and  the  intermediate  spots, 
brownish  pollinose;  and  behind  the  suture,  on  each  side,  a 
small  shining  black  spot.  Hairs  black;  bristles  black,  2 pre- 
suturals,  3-4  supra-alars,  and  3-4  postalars.  Scutellum  flat- 
tened, the  disc  grayish  pollinose,  the  margin  shining  black ; 
hairs  black.  Pleura  and  coxae  grayish  pollinose ; hairs  white, 
a few  intermixed  on  the  propleura,  the  mesopleura  entirely, 
and  a few  above  on  the  sternopleura  black. 

Abdomen  shining  black,  the  sides  of  the  first  segment  and 
segments  2-6  with  posterior  grayish  pollinose  fasciae,  on  seg- 
ment 2 entire,  on  3-4  narrowly  interrupted,  and  on  5-6 
broadly  interrupted.  Hairs  on  the  sides  and  lateral  margins 
of  segments  1-3  quite  long  and  dense,  those  on  the  lateral  mar- 
gins of  the  remaining  segments  and  the  hairs  arising  from  the 
pollinose  fasciae  white ; otherwise  the  hairs  of  the  dorsum 
short,  black.  Genitalia  shining  black,  short  white  haired. 

Legs  black;  bristles  black;  apical  one-half  of  claws  black, 
basally  reddish;  pulvilli  brownish.  Pore  femora  dorsally  and 
posteriorly,  and  the  middle  femora  dorsally,  black  haired, 
otherwise  femora  white  haired ; fore  tibiae  black  haired  except- 
ing for  the  usual  golden  anterior  pile ; middle  tibiae  black  haired 
but  with  some  short  recumbent  white  hairs  anteriorly  and  poste- 
riorly; hind  tibiae  white  haired  exclusive  of  the  apical  golden 
pile ; the  tarsi  short  black  haired. 

Knob  of  lialteres  yellowish  red,  the  base  and  stem  brown. 
Wings  glassy  hyaline,  the  veins  dark  brown,  the  anterior  cross- 
vein at  about  two-fifths  the  length  of  the  discal  cell. 

Female : Length  10  mm.  Similar.  Face  grayish  pollinose. 
Propleura  and  sternopleura  white  haired.  Abdomen  with 
posterior  gray  pollinose  bands,  those  on  segments  1,  4 and  5 
broadly,  and  on  6 very  broadly,  interrupted,  and  those  on  seg- 
ments 2-3  entire;  segments  7-8  entirely  black;  apical  spines 
black;  hairs  white.  Fore  femora  largely  posteriorly,  middle 
femora  entirely,  fore  tibiae  posteriorly,  and  middle  and  hind 
tibiae  entirely  white  haired. 

Holotype:  Male,  Puyallup,  Wash.,  VI-3  ’33  (J.  Wilcox)  ; 
deposited  in  the  California  Academy  of  Sciences. 

Allotype : Female,  same  data,  VI-19  ’33 ; deposited  in  the  Cali- 
fornia Academy  of  Sciences. 

Paratypes : more  than  200  specimens  from  the  following  locali- 
ties: Wash.:  Type  locality,  V-26  to  VIII-8  ’32,  ’33,  and  ’35  (Wm. 
W.  Baker,  R.  T.  Webber,  Wilcox  and  Martin)  ; Cle  Elum,  VII-4 
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’32  (Wilcox)  ; Jefferson  County,  Mt.  Steel,  elevation  4,500  feet, 

VII- 17  ’19  (F.  M.  Gaige)  and  Mason  County,  Lake  Cushman,  VII-8 
’19  (F.  M.  Gaige),  in  Ohio  State  Museum;  Mt.  Adams,  Klickitat 
River,  VI-21  ’35  (Wilcox)  ; Mt.  Rainier,  Sunrise,  VII-17  ’34  and 

VIII- 8  ’35  (Wilcox)  ; Mt.  Rainier,  White  River  Camp,  VII-27  and 

IX- 14  ’32  and  VIII-7  ’35  (Martin  and  Wilcox)  ; Olympia,  V-14  to 
VI-25  ’32  and  ’33  (Martin  and  Wilcox)  ; Signal  Peak,  Ranger 
Station,  VII-16  ’33  and  VI-21  ’35  (Wilcox)  ; Spanaway,  VI-12 
and  30  ’32  (Baker  and  Wilcox)  ; Sumner,  VI-9  to  28  ’32  (Martin 
and  Wilcox)  ; Tacoma,  VI-2  ’33  (Wilcox)  and  VI-16  ’35  (R.  T. 
Webber  and  Baker)  ; Tenino,  V-15  ’32  (Martin)  ; Uncas,  VIII-2 
’32  (Wilcox  and  Martin)  ; Virden,  VII-4  ’32  (Wilcox)  ; White 
Rock  Spg.,  Stevens  Pass,  Cascade  Mts.,  VII-14  ’30  (E.  C.  Van 
Dyke);  Yelm,  VI-9  ’33  (Wilcox).  Oreg.  : Antelope  Mt.,  Harney 
County,  elevation  6,500  feet,  VII-11  to  VIII-15  ’31  (D.  K.  Frew- 
ing)  ; Diamond  Lake,  Douglas  County,  VII-17  ’34  (E.  C.  Van 
Dyke)  ; Mt.  Hood,  Homestead  Inn,  VI-6  ’27  (E.  C.  Van  Dyke)  ; 
Mt.  Hood,  elevation  3,000-6,000  feet,  VI-22  ’25  (E.  C.  Van  Dyke)  ; 
near  La  Grande,  VII-4  ’23  (W.  J.  Chamberlin)  ; North  Fork  of 
Malheur  River,  Harney  County,  elevation  5,500  feet,  VIII-17  ’32 
(D.  K.  Frewing)  ; Mt.  Hood,  Sherwood  Forest  Camp,  VI-26  ’32 
(Wilcox)  ; Strawberry  Mt.,  Grant  County,  elevation  8,600  feet, 
VIII-25  and  IX-2  ’32  (D.  K.  Frewing).  Calif.:  Lake  Tahoe,  Grass 
Lake  (M.  C.  Van  Duzee)  ; Yosemite  Valley,  VII-12  ’21  (E.  C. 
Van  Dyke).  British  Columbia:  Departure  Bay,  VI-13  ’08;  Mala- 
kua  Hill,  VIII-8  ’23  (E.  R.  Buckell)  ; in  the  Canadian  National 
Collection.  Yukon  Territory:  Whitehorse,  Fish  Lake  Bench, 

VI- 16  ’23  (J.  A.  Kusche).  Idaho:  Long  Valley,  Alpha,  VI-10  to 
VIII-11  ’34  (C.  H.  and  D.  Martin).  Colo.:  Roan  Mts.,  above  Ute 
trail,  July  (Cockerell),  in  the  U.  S.  National  Museum;  Aspen, 

VII- 24  ’19,  8,000  feet,  in  American  Museum  of  Natural  History. 
Wyo.  : Jackson,  VII-13  to  17  ’20,  F.4746,  elevation  about  6,000  feet, 
in  American  Museum  of  Natural  History. 

This  is  the  species  we  have  previously  identified  as  nugator. 
Specimens  were  sent  to  Mr.  Nathan  Banks  who  kindly  compared 
them  with  the  types  of  nugator  and  thought  it  to  be  distinct. 
Besides  the  characters  given  in  the  key,  the  face  is  broader ; male 
nugator,  face  23,  eye  39  (male  banksi,  27-38),  female  nugator 
25-37  (female  banksi,  29-39). 

This  is  apparently  the  species  from  British  Columbia  referred 
to  as  nugator  by  Curran. 
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Cyrtopogon  idahoensis,  n.  sp.  (Plate  Y) 

Male : Length  9 mm.  Face  black,  reddish-brown  pollinose 
but  at  most  angles  appearing  black  with  a narrow  transverse 
reddish-brown  stripe  below  the  antennae,  five-sevenths  the 
width  of  one  eye ; remainder  of  the  bead  grayish  pollinose ; 
palpi  and  proboscis  black.  Mystax  and  hairs  of  front,  vertex, 
ocellar  tubercle,  and  a narrow  fringe  around  the  eyes  black; 
occipital  hairs,  the  beard,  and  those  on  the  palpi  and  proboscis 
white.  Antennae  black;  first  joint  slightly  longer  than  the 
second,  both  sparse  black  haired ; the  third  1-|  times  the  length 
of  the  first  two  joints  together,  widest  at  the  apical  three- 
fourths  ; stjde  nearly  one-lialf  the  length  of  the  third  joint. 

Mesonotum  densely  grayish  pollinose  with  a slight  yellow- 
ish tinge,  the  narrow  central  stripes  and  the  round  intermedi- 
ate spots  before  and  behind  the  suture  on  each  side  brown  pol- 
linose, and  with  a round  shining  black  spot  laterally  on  each 
side  behind  the  suture.  Hairs  on  the  humeri  and  anteriorly 
on  the  notum  white,  otherwise  black;  bristles  slender,  black; 
1 presutural,  1 supra-alar,  and  1 postalar.  Scutellum  densely 
gray  pollinose,  the  margin  shining  black;  the  hairs  white, 
several  fine  black  ones  on  the  posterior  margin.  Pleura  and 
coxae  grayish-yellow  pollinose,  the  hairs  entirely  white. 

Abdomen  shining  bluish-black,  all  segments  with  posterior 
grayish-yellow  pollinose  bands,  those  on  the  first  broadly 
interrupted,  on  segments  2-3  narrowly,  and  on  the  remaining 
segments  the  interruption  increasing  in  extent  apically,  the 
bands  on  segments  2-7  extending  narrowly  along  the  sides 
to  the  anterior  margins.  Hairs  white,  long  on  the  sides  of  the 
first  three  segments.  Genitalia  shining  black,  short  white 
haired. 

Legs  black ; the  bristles  black ; basal  half  of  the  claws 
yellowish-brown,  black  apically;  pulvilli  and  empodium  yel- 
lowish-brown. Hairs  of  the  femora,  middle  and  hind  tibiae, 
and  the  basal  joints  of  the  hind  tarsi  white,  otherwise  black, 
some  black  hairs  below  on  the  middle  tibiae. 

Halteres  whitish,  the  base  and  stem  dark  brown.  Wings 
hyaline,  the  veins  brown,  anterior  crossvein  at  three-tenths 
the  length  of  the  discal  cell. 

Female : Length  9 mm.  Similar.  Face  grayish-yellow  pol- 
linose, four-fifths  the  width  of  one  eye,  hairs  below  on  the  first 
antennal  joint  white.  Two  presutural,  2-3  supra-alar,  and  2 
postalar  bristles.  Abdomen  with  posterior  pollinose  bands 
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similar  to  those  of  the  male  011  segments  1-6,  segments  7-8 
entirely  black,  apical  spines  black.  Anterior  crossvein  at  five- 
elevenths  the  length  of  the  discal  cell. 

Holotype:  Male,  Parma,  Idaho,  V-13  ’34  (C.  H.  Martin)  ; 
deposited  in  the  California  Academy  of  Sciences. 

Allotype : Female,  same  data ; deposited  in  the  California 
Academy  of  Sciences. 

Paratypes : 4 specimens  of  both  sexes,  with  same  data,  and  3 of 
both  sexes  from  the  same  locality,  V-12  and  13  ’33  (F.  H.  Shirck 
and  M.  C.  Lane)  ; and  one  specimen,  Ogden,  Utah,  VII-25  ’20,  ele- 
vation 4,300  feet,  in  the  American  Museum  of  Natural  History. 

Cyrtopogon  albifrons,  n.  sp.  (Plates  I,  V) 

Male : Length  9 mm.  Face  thinly  golden  pollinose,  sub- 
shining black;  front  and  ocellar  tubercle  densely  white  pol- 
linose ; vertex  and  occiput  gray  pollinose ; palpi  and  proboscis 
black.  Mystax,  and  hairs  of  front,  ocellar  tubercle,  vertex, 
and  along  the  eye  margins,  black ; long  hairs  on  upper  occiput, 
beard,  and  hairs  below  on  the  proboscis  white.  Antennae 
black ; the  first  joint  slightly  longer  than  the  second,  both  black 
haired,  2-3  long  hairs  below  apically  on  the  second  joint; 
third  joint  1J  times  the  length  of  the  first  two  joints  together, 
widest  at  the  apical  two-thirds ; style  about  one-third  the 
length  of  the  third  joint. 

Mesonotum  densely  grayish-white  pollinose,  especially  an- 
teriorly ; the  narrow  central  stripes  and  the  intermediate  spots 
brown,  faintly  apparent.  Hairs  black;  bristles  black.  2 pre- 
suturals,  2 supra-alars,  and  2 postalars.  Disc  of  scutellum 
yellowish-gray  pollinose,  posterior  margin  black ; hairs  black. 
Pleura  and  coxae  grayish  pollinose,  the  hairs  (excepting  the 
mesopleurals,  which  are  black)  white. 

Abdomen  shining  black ; the  sides  of  the  first  segment,  seg- 
ments 2-5  with  broadly  interrupted  posterior  fasciae,  and  the 
hind  angles  of  the  sixth  segment  gray  pollinose.  Hairs  on  the 
sides  of  segment  1-3  long,  shorter  on  the  sides  of  segment  4 
and  on  the  posterior  corners  of  segment  5,  white ; otherwise 
short,  black.  Genitalia  shining  black  and  black  haired. 

Legs  black ; bristles  black ; claws  black  with  reddish  bases ; 
empodium  and  pulvilli  brown.  Long  white  hairs  on  femora, 
short  black  haired  clorsally;  tibiae  and  tarsi,  excepting  the 
usual  orange  pile,  black  haired. 

Halteres  yellowish-white,  the  base  and  stem  brown.  The 
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wings  uniformly  infuscated,  the  veins  dark  brown;  anterior 
crossvein  about  one-fourtli  the  length  of  the  discal  cell. 

Female : Length  9 mm.  Similar.  Face  densely  grayish- 
yellow  pollinose ; front  densely  grayish  pollinose.  Posterior 
gray  pollinose  fasciae  of  abdominal  segments  2-4  narrowly 
and  on  segment  5 rather  broadly  interrupted;  segments  6-8 
entirely  black;  apical  spines  black;  hairs  entirely  white. 
Anterior  crossvein  at  one-third  the  length  of  the  discal  cell. 

Holotype : Male,  Long  Valley,  Alpha,  Idaho,  VI-10  ’34  (C.  H. 
Martin)  ; deposited  in  the  California  Academy  of  Sciences. 

Allotype:  Female,  same  data,  V-27  ’34  (Dorothy  Martin)  ; 
deposited  in  the  California  Academy  of  Sciences. 

Paratypes : 34  specimens,  of  both  sexes,  from  the  type  locality, 
V-20  to  VI-24  ’34  (C.  H.  and  D.  Martin)  ; and  1 male,  Wallowa 
Lake,  Oreg.,  Aneroid  Lake  Trail,  elevation  6,200  feet,  VII-22  ’29 
(H.  A.  Scullen) . 

Cyrtopogon  beamed,  n.  sp.  (Plate  V) 

Male : Length  10  mm.  Face,  palpi,  and  proboscis  black ; 
the  face  with  a faint  transverse  spot  of  orange  below  the 
antennae ; front  and  ocellar  tubercle  densely  yellowish-gray 
pollinose;  the  occiput  gray  pollinose.  Mystax,  and  hairs  of 
the  front,  ocellar  tubercle,  vertex,  and  rather  broadly  around 
the  eye  margin  black;  occipital  hairs,  beard,  and  the  hairs  of 
the  proboscis  white.  Antennae  black,  first  and  second  joints 
subequal  in  length,  both  black  haired,  the  second  joint  with 
1-2  bristle-like  ones  apically ; third  joint  If  times  the  length 
of  the  first  two  joints  together,  widest  at  the  apical  three- 
fourths;  style  one-third  the  length  of  the  third  joint. 

Mesonotum  grayish-yellow  pollinose,  the  central  stripes 
plainly  and  the  intermediate  spots  indistinctly  brown.  Hairs 
black;  bristles  black,  4 presuturals,  3 supra-alars,  and  3-4 
postalars.  Disc  of  the  scutellum  densely  yellowish-gray  pol- 
linose, posterior  margin  broadly  black,  the  hairs  black.  Pleura 
and  coxae  yellowish-gray  pollinose,  the  hairs  white,  those  on 
the  mesopleura  black,  rather  long. 

Abdomen  shining  black ; sides  of  the  first  segment,  the  pos- 
terior margins  of  segment  2-5,  and  the  hind  angles  of  the 
sixth  segment  gray  pollinose,  the  fascia  on  the  second  segment 
entire  but  slightly  constricted  dorsally,  those  on  segments  3-4 
narrowly  interrupted.  The  hairs  on  the  sides  of  segments  1-5 
white,  long  on  segments  1-3,  the  remainder  of  the  hairs  short, 
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black.  Genitalia  black  and  black  haired,  the  hairs  on  the  sur- 
styli  golden. 

Legs  black;  bristles  black;  basal  half  of  the  claws  yellowish, 
the  apical  half  black ; pulvilli  brown ; empodium  whitish.  The 
middle  femora  posteriorly  and  the  hind  femora  dorsally  white 
haired,  the  remainder  of  the  legs  black  haired. 

Halteres  yellow,  the  base  and  lower  stem  brown.  Wings 
lightly  infuscated,  part  of  the  basal  cells  hyaline;  the  veins 
dark  brown,  anterior  crossvein  at  about  one-third  the  length 
of  the  discal  cell. 

Female : Length  12  mm.  Similar.  Face  densely  yellowish- 
gray  pollinose.  The  mesoplenra  yellowish  haired  anteriorly, 
brownish  haired  posterior^.  The  sides  of  the  first  segment 
and  segments  2-5  with  posterior  grayish  pollinose  fasciae,  the 
fasciae  on  the  second  segment  very  narrowly  interrupted ; seg- 
ments 6-8  entirely  black;  the  apical  spines  brown;  the  hairs 
entirely  white,  long  only  on  the  sides  of  segments  1-2.  The 
fore  femora  posteriorly  and  anteriorly,  and  the  middle  and 
hind  femora  and  tibiae  largely  white  haired.  Wings  more 
densely  infuscated,  anterior  crossvein  at  about  two-sevenths 
the  length  of  the  discal  cell. 

Holotype : Male,  Chiricahua  Mts.,  Ariz.,  VI-9  ’33  (R.  H. 
Beamer)  ; in  the  Snow  Collection,  University  of  Kansas. 

Allotype : Female,  same  data,  VII-8  ’32 ; in  the  Snow  Collection, 
University  of  Kansas. 

Paratypes:  14  specimens  of  both  sexes  with  same  data  as  the 
types;  in  the  Snow  Collection,  University  of  Kansas,  and  in  the 
writers’  collections;  and  1 female,  Mt.  Lemmon,  Santa  Catalina 
Mts.,  Ariz.,  elevation  7,000  feet,  VII-29  ’17,  in  Dr.  S.  W.  Bromley’s 
collection. 
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Plate  I 

Side  View  of  Heads  of  Cyrtopogon  Species 
C.  fumipennis,  n.  sp. 

C.  rejectus  0.  S. 

C.  albifrons,  n.  sp. 

C.  lutatius  (Walk.) 

C.  nitidus  Cole 
C.  sudator  0.  S. 

C.  infuscatus  Cole 
C.  lineotarsus  Curran 
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Plate  II 

Tarsi  of  Fore  and  Middle  Legs  of  Cyrtopogon  Species 
C.  plausor  0.  S. 

A,  Tarsi  of  fore  leg  of  male 

B,  Tarsi  of  middle  leg  of  male 

C.  praepes  Will. 

A,  Tarsi  of  fore  leg  of  male 

B,  Tarsi  of  middle  leg  of  male 

C,  Tarsus  of  fore  leg  of  female 
C.  willistoni  Curran 

A,  Tarsi  of  fore  leg  of  male 

B,  Tarsi  of  middle  leg  of  male 

C.  callipedilus  Loew 

A,  Tarsi  of  fore  leg  of  male 

B,  Tarsi  of  middle  leg  of  male 

C.  cymbalista  0.  S. 

A,  Tarsi  of  fore  leg  of  male 

B,  Tarsi  of  middle  leg  of  male 


88 


ENTOMOLOGICA  AMERICANA 


Vol.  XVI,  (n.  s.),  No.  i,  PL  II 


PLAUSOR 


CYMBAL1STA 


ENTOMOLOGICA  AMERICANA  Vol.  XVI,  No.  i 


Plate  III 

Wings  of  Cyrtopogon  Species 
C.  dasyllis  Will. 

C.  curtipennis,  n.  sp. 

C.  sudator  0.  S. 

G.  bimacula  Walker 
C.  maculipennis  Macquart 

Tarsi  of  Fore  Legs  of  Cyrtopogon  Species 
C.  princeps  0.  S. 

C.  vandykei,  n.  sp. 

C.  auripilosus,  n.  sp. 

C.  auratus  Cole 
C.  aurifex  0.  S. 

C.  planitarsus,  n,  sp. 

A,  Dorsal  view  of  tarsi 

B,  Lateral  view  of  tarsi 

C.  lineotarsus  Cnrran 

A,  Dorsal  view  of  tibia  and  tarsi 

B,  Lateral  view  of  tarsi 
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PRINCEPS 


VANCYKEI  AURATUS 


■4- 

LINEOTARSUS 
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Plate  IV 

Antennae  of  Cyrtopogon  Species 
C.  montanus  Loew 
C.  anomalus  Cole 
C.  alleni  Back 
C.  profusus  0.  S. 

C.  ablaut oides  Mel. 

C.  swezeyi,  n.  sp. 

C.  evidens  0.  S. 

C.  rattus  0.  S. 

C.  tibialis  Coq. 

C.  nitidus  Cole 
C.  lutatius  (Walker) 

C.  infuscatus  Cole 
C.  fumipennis,  n.  sp. 
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Plate  Y 

Antennae  of  Cyrtopogon  Species 
C.  sudator  0.  S. 

C.  rainieri,  n.  sp. 

C.  curtipennis,  n.  sp. 

C.  reject  us  0.  S. 

C.  beamed,  n.  sp. 

C.  vanduzeei,  n.  sp. 

C.  nugator  0.  S. 

C.  albifrons,  n.  sp. 

C.  idahoensis,  n.  sp. 

C.  lineotarsus  Curran 
C.  planitarsus,  n.  sp.,  female 
C.  planitarsus,  n.  sp.,  male 
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THE  SENSES  INVOLVED  IN  THE  COURTSHIP  OF 
SOME  VAGABOND  SPIDERS* 

Benjamin  Julian  Kaston 

CONNECTICUT  AGRICULTURAL  EXPERIMENT  STATION, 

NEW  HAVEN,  CONNECTICUT 

INTRODUCTION 

In  many  groups  of  animals  more  or  less  complicated  prelimi- 
naries are  engaged  in  before  the  act  of  mating  takes  place.  All 
phases  of  this  subject  are  considered  very  thoroughly  by  Meisen- 
heimer  (1921).  Among  Arthropods  these  preliminaries  have  been 
described  chiefly  in  Insecta,  Crustacea,  and  Araneae.  It  is  espe- 
cially in  the  latter  group  that  this  “courtship,”  as  these  prelimi- 
naries are  called,  is  the  most  highly  developed. 

The  preliminaries  are  usually  started  by  the  male  and  con- 
tinued by  him,  though  in  some  species  the  female  may  also  take  part 
after  she  has  reached  a certain  pitch  of  excitement.  A discussion 
of  the  psychological  aspects  is  given  by  Peters  (1933).  As  a rule, 
in  web-building  species  the  courtship  consists  of  signalling  by 
tweaking  the  threads  of  the  female’s  snare.  In  addition,  there  may 
be  abdominal  and  palpal  movements.  However,  it  is  in  the  vaga- 
bond spiders,  which  build  no  snare,  that  courtship  is  most  marked. 

# This  is  a revision  of  part  of  a dissertation  presented  in  partial 
fulfillment  for  the  Ph.D.  degree  at  Yale  University,  with  the  addi- 
tion of  some  studies  subsequently  carried  on  while  a guest  at  the 
Osborn  Zoological  Laboratory. 
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This  is  particularly  true  of  those  families  possessing  relatively  keen 
eyesight.  Here  the  males  may  dance  before  the  females,  wave  their 
palps  or  legs  or  both,  and  strike  peculiar  attitudes. 

What  is  the  stimulus  that  elicits  this  courting  behavior  on  the 
part  of  the  male?  Is  it  “recognition”  of  the  female,  and  if  so  how 
does  he  “recognize”'1  her?  There  are  several  possibilities,  and  the 
conclusions  of  past  observers  vary  both  as  to  the  stimuli  and  as  to 
the  nature  of  the  receptor  organs  involved. 

Although  Clerck  (1757)  was  the  first  to  give  an  account  of  mat- 
ing behavior  in  a vagabond  spider,  it  was  Blackwall  (1845)  who 
first  published  remarks  indicating  that  he  had  seen  courtship.  He 
stated  that  the  male  of  Lycosa  lugubris,  before  copulation,  first 
makes  “the  customary  advances”,  and  further,  that,  “precisely 
the  same  manner  of  proceeding  is  pursued  by”  the  four  other  spe- 
cies of  Lycosids  observed  by  him.  Grime  (1871,  1873)  likewise 
observed  this  behavior  in  Lycosids,  but  it  remained  for  Menge 
(1877)  to  give  the  first  real  accounts  of  the  courtship  in  both  Lyco- 
sids and  Attids.  The  accounts  were  not  very  extensive,  it  is  true, 
but  they  did  describe  the  excited  movements  of  body,  legs,  and 
palps. 

Although  De  Geer  (1778),  Seidel  (1847)  and  Menge  (1876)  had 
published  brief  notes  on  mating  in  Attids  without  describing  court- 
ship, the  Peckhams  (1889,  1890)  published  their  very  extensive  and 
well  known  observations  on  nineteen  species  of  this  family  in  which 
all  the  descriptions  were  of  the  courtship  and  not  any  of  the  copu- 
latory  act  itself.  Prom  these  observations  and  from  later  experi- 
ments of  theirs  (1894)  they  came  to  the  conclusion  that  the  sexes 
recognize  one  another  by  sight,  and  that  the  visual  stimulus  was 
necessary  for  the  male  to  begin  his  courtship. 

Wagner  (1894)  was  the  first  to  consider  the  senses  involved  in 
the  Lycosidae.  Prom  the  results  of  his  experiments  he  concluded 
that  the  male  Trochosa  singoriensis  was  unable  to  recognize  the 
female  by  sight.  Contact  was  necessary  before  courtship  could 
begin.  Montgomery  (1903)  gave  detailed  descriptions  of  the  court- 
ship behavior  for  five  species  of  Lycosids,  and  though  he  admitted 
that  sight  may  play  a part  in  sex  recognition  in  some  species,  he 
considered  the  sense  of  touch  most  important.  Petrunkevitch 
(1910)  showed  that  sight  was  important  in  recognition  and  begin- 

1 This  word  is  used  entirely  in  the  sense  of  ability  to  distinguish 
and  is  not  meant  to  imply  the  possession  of  any  conscious  knowl- 
edge on  the  part  of  the  spider. 
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ning  courtship  in  By  sclera  crocata  C.  Koch,  though  touch  was  the 
guiding  sense  later  011,  and  (1911a,  1911b)  that  in  the  Theraphosid, 
Dugesiella  hentzi  (Girard),  touch  was  the  sole  sense.  Montgomery 
(1910)  reiterated  his  belief  in  touch  being  the  dominant  sense. 
He  also  considered  the  possibility  of  a sense  of  smell  aiding  the 
males  but  finally  concluded  that  what  little  evidence  there  was  did 
not  support  such  a view. 

Berland  (1912)  observed  that  the  male  of  Bysdera  erythrina 
var.  provincialis  Simon  was  never  aware  of  a female’s  presence 
until  he  touched  her.  In  1914  he  suggested  that  it  was  necessary  to 
invoke  the  intervention  of  a sense  analogous  to  that  of  smell  to 
explain  the  finding  of  the  females  by  the  males  of  Philaeus  chrysops 
(Poda).  However,  from  Bonnet’s  (1933a)  observations  on  this 
species  it  would  appear  that  the  male  must  see  the  female  before 
he  begins  to  court. 

Hewitt  (1917)  noticed  that  males  of  the  trapdoor  spiders, 
Stasimopus  sp.  and  Acanthodon  kentanicus  Purcell,  dropped  into 
an  untenanted  box  which  had  formerly  contained  females  took  up 
a courting  attitude.  He  wrote,  ‘ ‘ In  all  probability  this  sensitiveness 
is  not  olfactory,  but  is  connected  with  the  presence  of  web  spun 
[trailed]  by  the  females  over  the  surface  of  the  ground.”  But  he 
also  thought  that  the  males  might  be  guided  toward  the  females  by 
stimuli  (olfactory?)  received  on  the  first  pair  of  legs. 

Gerhardt  (1921)  in  the  second  of  a long  series  of  excellent  com- 
prehensive papers  on  the  sexual  biology  of  spiders,  believed  that 
contact,  either  of  the  female  or  of  her  web,  played  the  greatest  role 
in  stimulating  males  to  court.  Sight  was  considered  of  importance 
in  only  a few  diurnal  species. 

Osterloh  (1922)  observed  that  the  male  of  Lycosa  amentata 
(Clerck)  started  courting  only  after  touching  the  female.  Com- 
menting on  the  Peckhams  reporting  sight  the  deciding  stimulus  in 
Attids,  he  concluded  that  obviously  the  necessary  stimulus  is  dif- 
ferent in  different  species.  Locket  (1923)  also  using  L.  amentata , 
saw  that  “the  male  on  sighting  the  female  started  his  usual  [court- 
ship] antics.”  (Italics  mine.)  On  the  basis  of  this  and  other 
observations  on  four  other  Lycosids  he  concluded  that  “the  male 
spider  has  to  see  the  female  before  he  is  stimulated  to  start  the 
[courtship]  movements  described.  I have  never  seen  a male  per- 
form before  he  has  seen  a female.”  (Italics  his.) 

Gerhardt  (1924d)  again  stated  that  the  sense  of  touch  plays  the 
principal  role  but  also  suggested  that  this  tactile  sense  is  obviously 
combined  with  a chemical  sense  in  the  cases  where  various  male 
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Epeirids  began  courtship  movements  when  touching  the  unten- 
anted webs  of  females. 

Bonnet  (1924)  thought  that  perhaps  the  male  Dolomedes  plan- 
tarius  (Clerck)  (sub  fimbriatus)  was  guided  by  an  odor  emanating 
from  the  body  of  the  female. 

The  whole  question  of  the  senses  used  in  courtship  was  con- 
sidered in  detail  by  Bristowe  and  Locket  (1926).  From  observa- 
tions and  experiments  with  eleven  species  of  Lycosids,  one  Pissaurid 
and  one  Attic!  they  came  to  the  conclusion  that  both  the  senses  of 
sight  and  smell  stimulate  the  males  to  perform  their  courting  “an- 
tics, ’ ’ with  smell  the  more  important.  They  observed  that  males  of 
Tarentula  pulverulent  a (Cl.),  T.  barbipes  Walck.,  Pisaura  mirabilis 
(Cl.),  and  Trochosa  ruricola  (De  G.),  took  up  courting  attitudes 
when  dropped  into  boxes  from  which  females  had  previously  been 
removed.  In  the  case  of  Trochosa  ruricola  and  Tarentula  barbipes 
the  males  behaved  in  this  manner  even  after  the  spinnerets  of  the 
females  had  been  covered  with  collodion  to  prevent  their  trailing 
threads.  The  further  conclusion  was  reached  that  the  sense  of 
smell  appears  to  be  situated  chiefly  in  the  tips  of  the  legs  and  palps 
—possibly  in  the  hairs  of  the  scopula,  as  previously  suggested  by 
Hewitt.  This  conclusion  was  apparently  supported  by  the  fact  that 
a male  T.  barbipes  which  had  had  the  tips  of  all  the  legs  and  palps 
amputated  failed  to  court  when  dropped  into  a box  from  which  a 
female  had  recently  been  removed. 

Bristowe  (1926)  concluded  that  Thomisid  and  Sparassid  males 
also  can  recognize  the  females  through  a sense  of  smell.  Earlier 
work  of  Montgomery  (1903)  had  indicated  that  while  in  Xysticus 
ferox  (Hentz)  (sub  stomachosus)  the  sexes  may  recognize  each  other 
by  sight  to  some  extent,  in  other  species  of  Thomisids  recognition 
appeared  to  be  by  touch.  Gerhardt  (1923,  1924b)  had  concluded 
from  his  observations  and  experiments  on  six  species  that  touch  was 
necessary  for  recognition. 

Shortly  after  the  paper  written  jointly  with  Bristowe,  Locket 
(1926)  pointed  out  that  in  Amaurobius  similis  (Blackwall),  “what- 
ever it  is  that  stimulates  the  male  is  intimately  connected  with  the 
threads  of  the  female,  since  several  males  when  put  into  a box  re- 
cently occupied  by  a female,  whose  spinners  had  been  covered  with 
collodion,  showed  no  sexual  reactions.’7  (Italics  his.) 

Berland  (1927)  considered  it  very  certain  that  the  attraction 
of  the  male  is  determined  by  the  olfactory  sense.  Likewise  Ger- 
hardt (1927)  appeared  to  accept  the  view  of  Bristowe  and  Locket, 
which  he  stated  agreed  closely  in  all  essentials  with  his.  However, 
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in  his  description  of  courtship  in  the  Oxyopid,  Oxyopes  ramosus 
(Panz.),  he  showed  that  sight  is  of  primary  importance,  although 
he  admitted  that  it  was  also  possible  for  chemoperception  to  take 
place.  Meyer  (1928)  suggested  that  the  male  of  web-building 
species  found  the  female  through  his  sense  of  smell,  though  his 
observations  indicate  that  only  after  the  male  touches  the  female’s 
web  does  he  become  excited.  He  supposed  that  the  mature  (but  not 
the  immature!)  females  secreted  a substance  which  adhered  to  the 
web.  But  with  vagabond  spiders  he  considered  the  sense  of  touch 
to  be  the  important  one.  Baerg  (1928)  pointed  out  that  touch 
was  necessary  for  recognition  in  the  Theraphosid,  Eurypelma 
calif ornica  Ausserer. 

Savory  (1928)  reviewing  the  work  of  others,  concluded  from 
the  mass  of  conflicting  evidence  that  “the  stimulus  which  initiates 
the  male’s  performance  is  vague,  rather  than  definite  and  specific,” 
and  further  “that  whether  the  courtship  was  originated  by  sight  or 
by  scent,  it  is  concluded  by  touch.”  However,  Homann  (1928),  in 
the  first  of  a series  of  papers  dealing  with  the  physiology  of  the 
Aranead  eyes,  described  the  courtship  movements  of  Evarcha  blan- 
cardi  (Scop.),  an  Attid,  where  sight  is  the  only  sense  involved,  the 
male  mounting  into  the  copulatory  position  by  jumping  the  last 
centimeter  or  two  intervening  between  him  and  the  female.  He  con- 
cluded that  “Der  ausschlaggebende  Reiz  fur  die  Baltztanze  scheint 
mir  also  die  Perzeption  der  Salticidenform  zu  sein,”  (italics  his), 
so  accounting  for  the  often  described  cases  of  males  dancing  before 
males,  or  before  females  of  another  species.  The  mistake  is  dis- 
covered when  the  individuals  come  closer ; e.g.,  Evarcha  males  will 
court  when  they  approach  to  within  8 cm.  of  the  females,  but  if  a 
male  should  be  courting  a female  of  Salticus  he  will  stop  when 
within  3 or  2 cm.  of  her  and  run  away.  Performing  experiments 
similar  to  those  of  the  Peckhams  (1894),  he  found  that  the  males 
would  not  court  as  long  as  their  anterior  median  eyes  (the  large 
pair)  were  covered. 

Bristowe  (1929)  also  observed  that  in  Evarcha  blancardi  (sub 
falcata)  the  male  jumped  into  the  copulatory  position  without 
apparently  receiving  any  tactile  stimulation.  In  an  experiment 
with  a blinded  male  Aelurillus  v-insignitus  (Cl.)  who  was  put  into 
a box  with  a female,  it  was  observed  that  he  walked  about  excitedly. 
From  this  and  the  previously  reported  case  (Bristowe  and  Locket 
1926)  of  Heliophanus  flavipes,  it  was  concluded  that  “the  males  of 
this  family  [Attidae]  can  detect  the  smell  of  the  female.” 
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Homann  (1931)  in  experiments  with  Tarentula  inquilina  (Cl.) 
found  that,  “Diese  Tanzbew  eg  ungen  habe  ich  immer  nur  nach 
dem  Beruhren  der  22  beobachtet.  Die  Befnnde  der  englischen 
Forscher  Bristowe  u.  Locket,  welche  die  £<£  clurch  die  Spur  eines  2 
zu  Tanzbewegungen  veranlasst  sahen,  kann  ich  nicht  bestatigen. 
Die  Beruhrung  war  bei  meinen  Beobachtungen  immer  das  aus- 
losende  Momente.”  (Italics  his.)  Observations  in  the  field  on  a 
Lycosa  agreed  with  the  results  obtained  in  the  laboratory.  The 
males  never  began  courting  until  they  had  touched  the  females. 
He  admitted  that  the  males  may  find  the  females  by  sight,  if  the 
latter  move  around,  but  maintained  that  recognition  was  by  touch 
only. 

Bristowe  (1931)  added  Heliophanus  cupreus  (Walck.)  to  the 
other  two  species  of  Attids  reported  by  him  to  become  excited  upon 
contact  with  the  web  of  the  female.  This  was  additional  confirma- 
tion for  him  that  the  male  recognizes  the  female  by  scent.  Kolosvary 
(1929,  1932)  stated  that  the  giant  wolf -spiders  Trochosa  singori- 
ensis  (Laxman)  possess  a very  characteristic  odor.  He  therefore 
assumed  (1932)  that  the  male  can  perceive  this  odor  and  can 
recognize  the  female  thereby.  Berland  (1932)  suggested  that 
females  upon  reaching'  maturity  emit  a fluid  which  is  perceptible  to 
males  and  added,  “On  pent  sans  aucun  doute  classer  parmi  les 
sensations  olfactives  1 ’attraction  des  males  par  les  femelles.”  He 
supposed  sight  to  play  only  an  insignificant  or  no  part  in  the 
majority  of  spiders,  but  suggested  later,  (1933)  that  in  Lycosa 
radiata  Latr.  at  any  rate,  the  senses  both  of  sight  and  smell  might 
be  involved. 

In  Gerhardt’s  last  paper  (1933)  it  is  shown  that  in  Oxyopes 
heterophthalamus  (Latr.)  the  courtship  resembles  that  of  0. 
ramosus,  and  here  too  sight  appears  to  be  the  sense  involved. 
Homann  (1934)  concluded  that  in  Thomisids,  as  in  Lycosids, 
recognition  of  the  sexes  is  by  touch,  and  not  at  all  by  sight. 
Because  she  had  seen  male  Attids  courting  males  the  conclusion 
was  drawn  by  Sytschewskaja  (1935)  that  the  stimuli  were  not 
specific,  but  apparently  vague.  The  courtship  by  a male  of  a female 
belonging  to  another  species  was  considered  an  error  of  instinct. 
But  Heil  (1936)  gives  evidence  in  support  of  Homann  to  the  effect 
that  in  this  family  recognition  of  the  Attid  form  is  the  sole  stimulus 
for  courtship. 

I11  view  of  the  lack  of  agreement  concerning  the  senses  involved 
in  courtship,  the  present  investigation  was  undertaken  at  the  sug- 
gestion of  Professor  Alexander  Petrunkevitch,  to  whom  I am 
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greatly  indebted  for  his  valuable  suggestions  and  advice  through- 
out the  progress  of  the  work.  I wish  also  to  express  my  apprecia- 
tion to  Professor  G.  E.  Hutchinson  for  his  interest  and  helpful 
comments,  as  well  as  to  my  wife,  Elizabeth  Kaston,  for  her  aid  in 
collecting  and  caring  for  the  live  specimens,  and  more  especially 
for  the  skill  and  patience  she  showed  in  the  preparation  of  the 
drawings. 


MATERIALS  AND  METHODS 

The  spiders  were  nearly  all  collected  in  the  vicinity  of  New 
Haven,  the  species  and  numbers  used  depending  in  large  measure 
upon  the  relative  abundance  of  both  males  and  females  in  the 
localities  accessible  to  me.  The  study  was  carried  on  at  intervals 
over  a period  of  four  years,  not  all  the  individuals  of  any  given 
species  being  available  during  the  same  study  interval.  Although 
vagabond  spiders  include  a number  of  families,  for  the  purpose  of 
this  study  representatives  from  only  four  are  considered.  From 
the  large  number  for  which  records  were  kept,  the  following  375 
individuals  were  used : 


Family  Attidae 

Phidippus  audax  (Hentz)  15  17  22 

Phidippus  brunneus  Emerton  2 22 

Phidippus  clams  Keyserling  12  .J'J'  21  22 

Phidippus  purpuratus  Keyserling  ...  2 2 22 

Family  Lycosidae 

Geolycosa  arenicola  (Scudder)  2^^  12 

Lycosa  avara  (Keyserling)  1 2 

Lycosa  carolinensis  Walckenaer  12 

Lycosa  gidosa  Walckenaer  6 J'J'  2 22 

Lycosa  helluo  Walckenaer  3 J'J'  4 22 

Lycosa  rabida  Walckenaer  6 22 

Pardosa  banksi  Chamberlin  12  J'J'  15  22 

Pardosa  emertoni  Chamberlin  8 13  22 

Pardosa  lapidicina  Emerton  6 £ 3 22 

Pardosa  milvina  (Hentz)  40^^  18  22 

Pardosa  modica  brunnea  Emerton  ...  30  J'J'  24  22 

Pardosa  saxatilis  (Hentz)  10  J'J'  22  22 

Schizocosa  crassipes  (Walckenaer)  ...  3 J'  7 22 

Schizocosa  saltatrix  (Hentz)  12 
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Family  Pisauridae 

Dolomedes  scriptus  Hentz  10  J'J'  13  22 

Family  Thomisidae 

Coriarachne  versicolor  Keyserling  ...  5 J'J'  4 22 

Philodromus  pernix  Blackwall  6 4 2? 

Tibellus  oblongus  (Walckenaer)  4,^^  4 2$ 

Xysticus  triguttatus  Emerton  8 .J'J'  3 22 

Xysticus  sp 12 


Each  spider  was  kept  in  its  own  individual  glass  receptacle 
suited  to  its  size.  Water  was  given  regularly,  and  for  food  a con- 
stant supply  of  Drosophila  was  maintained  in  culture.  When  pro- 
curable Muscid  and  Calliphorid  flies  were  also  given  them. 

The  details  of  the  cages  used  in  any  particular  experiment  are 
best  given  just  before  that  experiment.  In  general  they  were  made 
of  glass  plates  of  various  sizes  held  together  with  lantern  slide 
binding  tape  (as  in  Montgomery,  1903).  In  many  cases  plain 
circular  dishes  were  used,  and  glass  tops  were  provided  for  those 
spiders  which  can  climb  the  walls. 

The  illustrations  are  direct  photographs,  or  drawings  made  with 
the  aid  of  photographs  used  as  a guide.  I11  many  cases  sketches 
were  also  made  from  active  spiders  and  the  anatomical  details  filled 
in  from  preserved  specimens. 

OBSERVATIONS  AND  EXPERIMENTS 

Before  beginning  any  experiments  on  a given  species  a number 
of  observations  were  made  to  ascertain  what  the  normal  mating  be- 
havior of  that  species  was  like.  For  this  purpose  clean  glass  dishes 
of  various  sizes,  depending  upon  the  size  of  the  spiders,  were  used. 
In  most  cases  a piece  of  paper  was  cut  to  fit  the  floor  of  the  cleaned 
dish  to  remedy  its  undesirable  smoothness. 

NORMAL  MATING  BEHAVIOR 
Family  Lycosidae 

The  mating  behavior  in  this  family  has  been  described  by  a large 
number  of  observers  for  numerous  species,  from  the  fragmentary 
remarks  of  Clerck  (1757),  Blackwall  (1845),  Grime  (1871,  1873), 
Emerton  (1878,  1912),  Treat  (1879),  Sorensen  (1880),  Berland 
(1914),  and  Bristowe  (1922),  to  the  more  complete  descriptions  of 
Menge  (1877),  Lendl  (1887),  Montgomery  (1903),  Spassky  (1920), 
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Gerhardt  (1921,  1923,  1933),  Osterloh  (1922),  Locket  (1923),  Bris- 
towe  and  Locket  (1926),  Bristowe  (1929),  Thomas  (1930b),  Kolos- 
var y (1930,  1935),  Nielsen  (1932),  and  Berland  (1933). 

As  is  well  known,  the  males  of  some  members  of  this  family  are 
furnished  with  epigamic  characters  which  may  or  may  not  be  dis- 
played in  courtship.  However,  as  has  been  shown  by  Montgomery 
(1903),  for  Schizocosa  bilineata  (Emerton)  (sub  Lycosa  ocreata 
pulchra ),  the  presence  of  such  a character  does  not  imply  that  there 
will  be  a courtship.  In  some  species  there  are  neither  epigamic 
characters  nor  courtship.  In  the  main,  the  dances  and  motions  fol- 
low a common  pattern,  but  there  are  differences  which  are  rather 
distinct  for  the  species,  though  variations  within  a species  do  occur. 
For  this  reason  several  observations  were  made  before  the  experi- 
ments were  begun.  The  general  procedure  was  to  drop  the  female 
into  the  dish  first,  and  then  the  male,  taking  care  to  put  him  as  far 
from  the  female  as  possible.  Generally  both  would  attempt  to  scale 
the  walls,  or  run  around  aimlessly. 

Pardosa  milvina 

The  courtship  behavior  was  observed  with  thirty  males,  and  the 
copulatory  act  was  seen  twice.  In  only  two  cases  did  the  male  court 
before  having  touched  the  female.  The  behavior  of  this  species 
(sub  nigropalpis)  was  very  ably  described  by  Montgomery  (1903). 
In  general,  my  observations  agree  with  his. 

The  movements  are  made  with  the  body  held  high  off  the  sub- 
stratum. The  forelegs  are  raised  very  rapidly  to  the  vertical  posi- 
tion, then  lowered  quickly  to  an  angle  of  about  45°  and  held  there 
a brief  instant.  At  the  same  time  both  palps  are  moved  upward 
slightly  and  then  down  again.  The  angles  can  be  seen  by  reference 
to  figures  1,  2,  and  4.  These  movements  are  made  at  the  rate  of 
about  eleven  in  10  seconds  and  generally  continued  for  30  to  60 
seconds  at  a stretch.  Usually  every  alternate  one  is  accompanied 
by  a vigorous  spasmodic  vibration  of  the  body,  which  is  dipped  for- 
ward and  downward  while  the  six  posterior  tarsi  remain  fixed  to 
the  substratum. 

If  the  female  is  receptive  she  taps  her  anterior  legs  (sometimes 
other  legs  also)  rapidly  on  the  substratum  and  moves  them  back 
and  forth  so  that  the  tips  of  the  tarsi  describe  arcs  of  1 to  2 mm. 
each  time.  If  now  she  is  touched  by  a courting  male  she  will  not 
run  away  but  engages  in  brisk  sparring  movements  of  the  legs  with 
him.  Finally  the  female  depresses  the  anterior  end  of  her  body 
and  the  male  walks  over  her  to  assume  the  copulatory  position  de- 
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scribed  by  many  observers  for  Lycosid  and  other  running  spiders 
(figs.  21  and  22). 

In  one  case  copulation  began  after  8 minutes  of  courting,  and 
lasted  15  minutes;  in  the  other,  after  5 minutes  of  courting,  and 
lasted  13  minutes.  The  male  uses  his  palps  alternately,  several 
times  each,  and  vibrates  his  abdomen  in  a vertical  plane  about  once 
per  second,  while  the  female  takes  a few  steps  every  minute  or  so. 

In  addition  to  the  observations  recorded  by  Montgomery,  I was 
able  to  see  peculiar  movements  of  the  leg  spines  on  the  male  in 
copula.  Those  spines  which  do  not  ordinarily  stand  out  at  almost 
a right  angle  to  the  long  axis  of  the  leg,  are  erected  to  about  this 
angle  when  the  hematodocha  distends.  They  are  erected  and  low- 
ered quickly  three  times  in  two  seconds,  followed  by  a one  second 
interval.  Their  action  is  most  easily  seen  on  the  tibiae  and  meta- 
tarsi of  the  fourth  pair  of  legs  (fig.  22).  This  phenomenon  was 
first  reported  by  Berland  (1912)  with  Dy sclera  eryihrina  Walck., 
and  again  in  1914  with  Philaeus  chrysops  Poda.  It  has  since  been 
recorded  for  other  Attids,  some  Thomisids,  and  others  by  Bristowe, 
Gerhardt,  and  Sytschewskaja,  and  for  Lycosids  by  Thomas  (1930) 
and  Berland  (1933). 


Pardosa  modica 

The  courtship  behavior  was  observed  with  24  males  and  copula- 
tion was  seen  five  times.  In  only  two  cases  was  there  any  sug- 
gestion of  courtship  before  contact  with  the  female.  In  these  two 
the  males  courted  feebly  upon  seeing  the  female  about  3 cm.  away, 
but  stopped  in  a few  seconds  to  resume  only  when  touched  by  her. 
In  all  the  other  cases  the  males  appeared  to  pay  little  attention  to 
the  females  even  when  passing  close  to  them.  However,  when  the 
male  came  in  contact  with  her  he  began  to  court.  The  motions  are 
somewhat  as  follows : the  palps  are  moved  slowly  at  first  then  more 
vigorously.  One  palp  (either  one  first)  is  extended  in  three  jerky 
movements  so  that  the  distal  tip  of  the  tarsus  is  pointing  up,  with 
the  palpal  organ  facing  forward.  It  is  then  lowered  quickly  while 
the  other  palp  is  raised  in  the  same  manner,  the  entire  movement 
taking  about  one  second.  After  the  first  few  palpal  movements  the 
male  begins  to  vibrate  his  abdomen  for  periods  of  about  2 seconds, 
giving  it  about  ten  twitches.  At  the  same  time  he  often  raises  and 
lowers  his  entire  body  spasmodically  four  or  five  times  in  rapid  suc- 
cession and  then  continues  his  palpal  movements  while  standing 
high  on  the  tips  of  his  tarsi  (figs.  7 and  9).  Then  he  runs  toward 
the  female  stopping  at  intervals  to  go  through  the  motions  again. 
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Sometimes  the  palps  are  moved  so  as  to  describe  small  ellipses 
before  they  are  extended.  As  the  male  approaches  the  female  he 
taps  his  forelegs  on  the  floor  and  then  reaches  over  to  tap  her. 

The  male  is  very  persistent  in  his  courtship  and  will  follow  a 
female  around  for  hours.  The  continued  vigor  of  his  actions  is  a 
thing  at  which  to  marvel.  At  times  he  shakes  so  violently,  while 
standing  high  on  his  stiffly  extended  legs,  that  he  appears  about  to 
topple  over.  Often  he  courts  at  some  distance  (10-20  cm.)  from 
the  female,  but  this  is  not  kept  up  if  he  does  not  soon  touch  her 
again. 

Courtship  may  continue  for  a variable  length  of  time  before 
copulation  is  allowed  by  the  female.  In  the  five  cases  observed  the 
times  were  5,  17,  23,  28  and  30  minutes.  The  durations  in  copula 
were  32,  36,  21,  36  and  29  minutes  respectively.  The  male  mounts 
in  the  usual  manner  and  uses  the  left  palp  first.  The  palps  are 
alternated  about  17  times  each  at  varying  intervals,  averaging 
about  30  seconds.  The  action  of  the  leg  spines  is  similar  to  that  in 
P.  milvina.  The  spines  rise  with  the  distension  of  the  hematodocha 
and  fall  more  or  less  simultaneously. 

The  abdomen  of  the  male  twitches  at  intervals  during  the  mat- 
ing, with  an  especially  violent  twitch  at  the  instant  the  hemato- 
docha expands.  Toward  the  end  of  the  act  the  female  becomes 
restless  and  moving  about  considerably  makes  efforts  to  dislodge 
the  male. 


Pardosa  emertoni 

That  he  had  seen  the  courtship  in  this  species  (sub  pallida 
Emerton)  was  indicated  by  Montgomery  (1910),  but  no  descrip- 
tion of  the  movements  was  given. 

From  my  observations  of  eighteen  courtships  and  two  copula- 
tions it  appears  that  the  movements  are  quite  variable,  and  also 
that  males  differ  a great  deal  in  the  amount  of  ardor  exhibited. 
In  all  cases  courtship  began  only  after  the  two  sexes  had  touched 
each  other.  Four  of  the  males  courted  immediately  upon  being 
touched,  two  after  1 minute  with  the  female,  five  after  2 minutes, 
three  after  18  minutes,  and  one  each  after  9,  11,  14,  and  36  minutes 
respectively. 

The  movements  are  somewhat  as  follows : the  body  is  held  some- 
what high  off  the  substratum  and  the  first  pair  of  legs  is  raised 
fully  extended,  making  an  angle  of  from  50°  to  95°  from  the  hori- 
zontal as  seen  from  the  side,  and  50°  to  75°  seen  from  in  front 
(fig.  5).  The  male  may  stand  in  this  position  absolutely  motionless 
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for  about  a minute,  though  sometimes  the  legs  are  dropped  to  the 
lower  angle,  if  originally  at  the  higher.  Then  the  palps  are  moved, 
being  unflexed  slightly  to  where  the  femur  is  horizontal  and  the 
other  segments  vertical,  then  quickly,  with  a jerk,  flexed  tightly 
underneath  the  cephalothorax.  This  jerk  is  often  strong  enough  to 
shake  the  entire  body,  and  is  followed  by  a series  of  four  or  five 
vibrations  of  the  abdomen  in  a vertical  plane  for  about  2 seconds. 
These  palpal  and  abdominal  movements  are  repeated  at  irregular 
intervals.  If  the  female  should  happen  to  come  near  enough  the 
male  may  lunge  at  and  touch  her  with  his  extended  anterior  legs, 
while  the  posterior  three  pairs  of  tarsi  remain  fixed.  He  then 
quickly  regains  his  former  position.  If  she  runs  into  him  before 
he  has  had  a chance  to  lunge  he  lowers  his  legs,  turns  to  face  her 
and  raises  them  again.  Rarely,  only  one  leg  is  held  up  for  just  an 
instant,  before  the  other  follows.  Sometimes  just  before  flexing 
the  palps  tightly  underneath  the  cephalothorax  they  are  moved 
(in  the  semi-flexed  position)  from  side  to  side  a few  times.  He 
never  taps  them  on  the  floor. 

The  male  of  this  species  never  seems  as  excitable  as  those  of 
modica  and  milvina,  and  while  he  may  at  times  pursue  a running 
female,  he  usually  waits  until  the  female  is  amenable  and  does  not 
run  from  him,  or  until  she  comes  near  him  again.  Hence  there  may 
be  intervals  of  courting  separated  by  quiescent  intervals. 

Copulation  in  one  case  lasted  3 hours  and  2 minutes,  following 
4 hours  of  intermittent  courtship.  In  the  other  case  it  lasted  3 
hours  and  26  minutes,  after  43  minutes  of  more  or  less  continuous 
courtship.  The  manner  of  mounting  over  the  depressed  anterior 
end  of  the  female,  and  the  final  position  assumed,  are  similar  to 
that  already  described  for  other  Lycosids.  Viewed  from  above, 
their  bodies  make  an  angle  of  30°  with  each  other.  The  anterior 
part  of  the  male’s  body  is  supported  by  the  female,  and  the  male’s 
three  anterior  pairs  of  legs  embrace  her,  while  his  hind  legs  extend 
out  behind  and  rest  on  the  floor. 

The  palps  were  used  alternately,  each  usually  for  about  2 
minutes  at  a time,  followed  by  a rest  period  of  10  to  50,  most  com- 
monly 20,  seconds,  During  these  rest  periods  the  male  straddled 
the  female  with  his  palps  so  that  the  long  axes  of  their  bodies  coin- 
cided. Only  rarely  were  the  palps  passed  through  his  chelicerae. 
Occasionally  the  same  palp  was  used  twice  in  succession  instead  of 
there  being  strict  alternation.  In  the  case  where  copulation  lasted 
3 hours  and  26  minutes  the  left  palp  was  used  forty-six  times  and 
the  right  forty-five. 
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During  copulation  the  male’s  abdomen  was  vibrated  vertically 
at  irregular  intervals.  In  addition,  whenever  the  hematodocha  was 
distended  the  entire  body  was  jerked,  and  at  the  same  time  the  leg 
spines  were  erected.  The  hematodocha  collapsed  slowly  (usually 
in  20  seconds),  and  the  spines  were  then  lowered.  During  the  last 
hour  and  a half  of  the  copulation  the  female  started  walking  around 
the  cage  at  six  different  times.  When  the  male  finally  dismounted 
he  ran  away  quickly,  though  the  female  did  not  pursue  him. 

Pardosa  saxatilis 

In  this  species  courtship  was  observed  eighteen  and  copulation 
eight  times.  The  male  has  white  hairs  on  the  dorsal  surface  of  the 
patellae  of  the  otherwise  jet  black  palps,  and  the  forelegs  are  much 
darker  than  the  corresponding  pair  in  the  female.  Both  of  these 
appendages  are  used  in  the  courtship  as  follows : each  of  the  palps 
is  extended  and  moved  alternately,  in  a manner  describing  ellipses 
in  front  of  and  to  the  side  of  the  face,  at  the  rate  of  one  per  second. 
After  a few  such  movements  the  forelegs  are  extended  and  raised 
alternately,  while  the  palp  of  the  same  side  is  extended  to  lie  paral- 
lel with  and  in  front  of  it  (fig.  10).  One  gets  the  impression  that 
the  leg  is  being  pushed  up  by  the  palp.  The  leg  and  palp  are 
raised  to  an  angle  of  about  45°  and  then  lowered  slowly  while  the 
leg  and  palp  of  the  other  side  are  raised. 

After  a few  such  movements  the  male  sometimes  raised  his  body 
and  vibrated  his  abdomen  vertically  very  rapidly.  At  times  the 
posterior  end  of  the  abdomen  touched  the  floor  as  the  anterior  end 
was  raised  at  an  angle  of  30°.  If  the  female  fled  the  male  usually 
pursued,  tapping  her  continuously  with  his  legs  when  he  overtook 
her.  Occasionally,  however,  he  courted  while  some  distance  from 
her  and  not  looking  in  her  direction. 

In  the  case  of  several  of  the  males,  who  were  apparently  highly 
excitable,  an  immediate  attempt  was  made  to  mount  the  female  as 
soon  as  they  came  in  contact.  Only  after  being  warded  off  by  her 
did  they  begin  their  courtship.  This  would  continue  for  a short 
time  and  then  another  attempt  to  mount  would  ensue.  If  the  fe- 
male was  still  not  inclined  the  male  courted  some  more.  In  seven 
instances,  despite  the  female’s  attempts  to  keep  the  male  away  with 
her  raised  forelegs,  the  male  mounted  from  the  rear  or  side  instead 
of  in  the  usual  manner  over  her  head,  and  worked  around  to  the 
proper  position  while  on  top  of  her. 

In  the  three  cases  where  details  of  copulation  were  noted  the 
duration  of  the  act  was  40,  20  and  39  minutes  respectively.  The 
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left  palp  was  used  first  and  for  three  times,  the  right  twice.  The 
hematodocha  distended  quickly  but  took  about  45  seconds  to  col- 
lapse again.  Just  before  its  reinsertion  the  palp  was  passed  through 
the  chelicerae.  About  every  5 seconds  during  the  insertion  the 
abdomen  was  vibrated  vertically,  with  the  most  violent  twitches 
occurring  at  the  instant  the  hematodocha  distended.  Coincident 
with  this  the  spines  on  the  legs  were  erected.  These  spines  were  not 
lowered  slowly  as  the  hematodocha  collapsed,  but  fell  back  almost 
immediately. 

When  the  male  dismounted  he  ran  away  quickly  though  the 
female  did  not  pursue. 

Pardosa  banksi 

In  this  species  the  male  resembles  P.  milvina  but  is  larger  and 
not  quite  as  dark.  However,  the  courtship  behavior  is  quite  differ- 
ent, the  male  not  being  so  persistent,  and  the  female  more  active 
than  females  of  the  species  already  discussed. 

The  courtship  was  observed  sixteen  times  and  copulation  once. 
Generally  the  male  runs  toward  the  female  and  taps  her  with  his 
forelegs.  Sometimes  he  shows  signs  of  excitement  immediately, 
but  these  signs  may  not  appear  for  a few  minutes,  while  he  con- 
tinues tapping  her  again  occasionally.  If  she  runs  away,  he  follows 
her.  The  male’s  movements  are  quite  jerky,  for  he  stops  often  and 
then  continues  to  follow  the  female.  Each  time  he  stops  he  moves 
his  palps  as  follows : the  femur  of  the  palp  is  held  horizontally  or 
inclined  downward  slightly,  with  the  distal  segments  held  at  a right 
angle,  or  less,  to  the  femur.  Then  the  palps  are  raised  and  lowered 
alternately  in  this  flexed  position  about  3 or  4 times  in  \ second. 
They  are  never  tapped  on  the  floor.  As  soon  as  the  male  has  com- 
pleted these  palpal  movements  he  resumes  his  pursuit  of  the  female. 
After  a while,  instead  of  going  all  the  way  to  the  female  he  begins 
to  describe  circles  around  her.  These  circles  are  about  5 or  6 cm. 
in  diameter  at  first  but  they  get  smaller  and  smaller  as  the  male 
closes  in  on  the  female.  The  circles  may  be  clockwise  or  counter- 
clockwise, but  after  having  gone  around  three  or  four  times  one 
way,  he  usually  reverses  direction  for  another  three  or  four  times. 
If  the  female  does  not  run  away  he  soon  begins  to  tap  her  legs 
again  and  then  stands  facing  her  from  in  front.  Often  the  female 
raises  each  leg  slightly  as  it  is  tapped  and  holds  it  up  several 
seconds.  If  the  female  runs  away,  the  male  pursues  and  repeats 
the  palpal  movements  again.  Sometimes  the  circles  are  made  with- 
out enclosing  a female.  Occasionally  the  male  will  extend  his  fore- 
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legs  almost  parallel  in  front  of  him,  then  raise  them  to  an  angle  of 
about  45°  and  bring  them  down  sharply,  tapping  the  floor. 

If  the  female  is  not  receptive  she  may  keep  the  male  courting 
for  about  an  hour,  after  which  time  he  loses  interest.  However,  if 
she  should  come  in  contact  with  him  again,  he  usually  resumes  the 
courting  movements.  Sometimes  they  engage  in  mutual  tapping 
of  the  legs  for  20  to  30  seconds  at  a time,  after  which  the  male 
attempts  to  mount  the  female.  The  manner  of  mounting  and  the 
copulatory  position  are  those  typical  of  Lycosids.  In  the  case  ob- 
served the  male  used  his  right  palp  only,  there  being  five  insertions 
during  the  2 minutes  in  copula.  When  he  dismounted  he  immedi- 
ately ran  away,  while  the  female  remained  motionless  for  another 
minute  making  no  aggressive  movements. 

Pardosa  lapidicina 

This  spider  is  a handsome  one  and  the  largest  local  Pardosa. 
Although  I made  numerous  observations  I could  not  detect  any 
sign  of  a courtship ; not  even  in  the  case  where  the  female  allowed 
copulation.  The  behavior  before  copulation  was  very  unusual  so  I 
shall  describe  it  in  detail. 

On  June  19,  1933,  J*  461  and  5 465  were  put  together  in  a large 
cage  at  4 : 09  p.m.  For  the  first  few  minutes  the  male  avoided  the 
female  whenever  she  touched  him,  but  at  4:18  he  began  tapping 
her  forelegs  with  his.  There  followed  some  typical  sparring  (as  in 
P.  milvina  et  al.)  for  a few  seconds,  after  which  the  female  re- 
treated. At  4 : 19  they  were  standing  facing  each  other  2 cm.  apart. 
Suddenly  at  4 : 21  the  male  began  to  mount  the  female,  but  instead 
of  walking  over  the  depressed  anterior  part  of  her  body  he  mounted 
over  her  abdomen  from  the  posterior  end.  In  my  attempt  to  get  a 
better  view  I accidentally  disturbed  him  and  he  dismounted.  He 
soon  came  back  to  a point  about  6 cm.  in  front  of  the  female  and 
stood  facing  her  a few  minutes.  Suddenly  he  mounted  her  again 
at  4 : 26,  this  time  also  from  the  rear.  He  remained  on  top  of  her 
until  4:36  facing  in  the  same  direction  as  she  with  his  legs  grasping 
hers.  Occasionally  he  rubbed  his  palps  against  the  sides  of  her 
cephalothorax  as  well  as  through  his  chelicerae.  As  far  as  I could 
see  he  did  not  make  any  attempts  to  locate  her  epigynum  with  his 
palps.  At  4:36  he  dismounted  and  left  the  female  who  appeared 
to  be  in  a state  of  tonic  immobility  with  her  legs  extended.  He 
returned  and  faced  her  at  4 : 38  but  again  left  her  in  a few  seconds. 
Suddenly  at  4 : 42  he  ran  to  her  from  a distance  of  10  cm.  and 
mounted  her  in  the  normal  Lycosid  manner,  from  in  front.  He 
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inserted  each  palp  two  or  three  times  for  about  15  seconds  each 
time  and  dismounted  at  4 : 44.  The  female  remained  motionless 
with  her  abdomen  tilted  as  the  male  had  left  it.  The  male  was 
removed  at  4 : 58  and  still  the  female  was  in  the  same  position.  In- 
vestigation showed  that  she  was  dead!  A few  minutes  later  the 
male  was  also  found  dead,  but  with  his  legs  flexed  in  the  manner 
characteristic  of  dead  spiders. 

The  cause  of  the  deaths  is  unknown,  though  it  is  possible  that 
the  heat  (this  observation  was  carried  on  outdoors  with  the  tem- 
perature 36°  C.  in  the  sun)  may  have  been  responsible. 

Lycosa  rabida 

The  mating  behavior  of  this  species  (sub  scutulata)  was  well 
described  by  Montgomery  (1903).  My  observations  of  five  court- 
ships and  one  copulation  agree  essentially  with  his.  The  male 
assumes  the  courtship  position  by  lowering  his  body  so  that  it  is 
held  close  to  the  floor  of  the  cage,  then  flexing  his  forelegs  close  to 
the  body  so  that  the  femur  of  each  is  vertical  or  even  inclined  back- 
ward, the  patella  and  tibia  almost  horizontal,  the  whole  leg  having 
the  form  of  an  inverted  “U”  (fig.  19).  These  forelegs  are  quite 
distinctive  in  appearance,  the  femur,  patella,  tibia,  and  proximal 
two-thirds  of  the  metatarsus  being  black,  as  compared  with  the 
grayish  yellow  of  the  other  legs.  The  first  movements  are  those  of 
the  palps.  They  are  used  alternately,  being  waved  upward  and 
outward,  then  downward  and  inward.  A complete  rotation  takes 
about  a second,  and  each  palp  is  waved  three  times.  In  addition  to 
the  rotatory  movement  the  palp  quivers  slightly.  At  the  end  of  the 
sixth  palpal  movement,  or  while  it  is  still  in  progress,  one  of  the 
forelegs  is  moved  up  and  down  two  or  three  times  (fig.  20)  and 
then  extended  in  a series  of  eight  to  twelve  tapping  movements, 
each  tap  being  just  a millimeter  or  two  in  front  of  the  preceding 
one.  The  leg  is  then  quickly  flexed  again  to  the  first  position.  As 
the  leg  is  extended,  the  abdomen  twitches  in  time  with  the  tapping- 
movements,  while  the  palps  are  held  parallel  in  front  of  the  face 
and  are  drummed  on  the  floor.  After  a pause  the  movements  are 
repeated.  This  time  usually  the  other  foreleg  is  extended,  though 
sometimes  the  same  foreleg  may  be  used  twice  in  succession. 

Very  slowly  the  male  moves  toward  the  female.  Occasionally 
he  may  stop  courting,  raise  his  body  and  approach  the  female  at  a 
faster  gait,  holding  his  palps  almost  vertical  with  the  tips  of  their 
tarsi  touching  the  floor.  Then  he  may  continue  courting  even 
though  not  facing  her  and  some  distance  away. 
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When  the  female  is  ready  to  copulate  she  depresses  her  cephalo- 
thorax  and  extends  her  forelegs,  the  male  mounting  in  the  usual 
Lycosid  manner  (figs.  21  and  22).  During  copulation,  which  lasted 
71  minutes,  the  palps  were  used  alternately  at  about  20  second 
intervals  at  first.  Between  changes  the  palps  were  often  passed 
through  the  chelicerae.  Later  on,  however,  the  left  palp  was  used 
for  much  longer  intervals  than  the  right.  Furthermore,  contrary 
to  Montgomery’s  observations,  there  was  not  always  strict  alterna- 
tion in  the  use  of  the  palps.  Often  the  male  straddled  the  female 
as  though  to  change  to  the  right  palp,  then  after  a pause  went  back 
to  the  left.  Likewise,  the  time  duration  for  each  varied  considera- 
bly. Whereas  his  three  anterior  pairs  of  legs  embraced  the  female 
the  fourth  pair  rested  on  the  floor  and  moved  about  occasionally. 
During  palpal  insertions  the  male’s  abdomen  was  vibrated  hori- 
zontally as  well  as  vertically  about  two  or  three  times  per  second, 
and  the  leg  spines  were  erected  (fig.  22)  and  lowered  all  in  unison. 

About  three  minutes  before  the  male  dismounted  the  female 
began  to  struggle  and  raised  her  body  from  its  lowT  position.  When 
she  finally  succeeded  in.  pushing  off  the  male  she  made  no  attempts 
to  attack  him  as  he  backed  away  with  his  first  legs  raised.  Four 
minutes  later  the  male  attempted  to  mount  her  again,  but  this  time 
she  backed  away  with  her  forelegs  raised. 

Lycosa  helluo 

The  courtship  was  observed  eight  times  and  copulation  once. 
The  male  may  start  courting  immediately  upon  touching  the  female, 
or  there  may  be  a latent  period  of  one  or  two  minutes.  If  the 
latter,  the  male  usually  walks  up  to  the  female  and  reaches  over 
very  slowly  with  one  of  his  forelegs  to  touch  her  again.  Then  he 
begins  his  courting  movements  as  he  walks  away  from  her.  These 
movements  are  as  follows:  one  foreleg  is  extended  and  raised  so 
that  it  makes  an  angle  of  30°-60°  from  the  horizontal  viewed  from 
the  side,  and  15°-30°  from  the  median  plane  of  the  body  viewed 
from  above.  As  it  is  raised  and  then  lowered  again  the  tarsus  and 
metatarsus,  which  are  jet  black,  are  vibrated  very  rapidly.  This 
takes  about  two  or  three  seconds  after  which  the  other  leg  goes 
through  the  same  movements.  The  male  may  continue  these  court- 
ing movements  even  at  a distance  of  15  cm.,  but  he  usually  turns  to 
approach  the  female  before  he  has  gone  that  far.  His  body  is  held 
close  to  the  floor  of  the  cage,  the  posterior  legs  are  spread  widely, 
and  the  palps  are  tapped  on  the  floor  occasionally.  The  nearer  he 
approaches  to  the  female  the  more  slowly  he  vibrates  his  tarsus  and 
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metatarsus.  Finally  he  reaches  over  to  touch  her.  Usually  he  is 
repelled  and  the  entire  courting  procedure  is  repeated.  Sometimes 
he  jumps  back  quickly  after  touching  the  female,  before  she  has  an 
opportunity  to  chase  him.  He  has  an  air  of  “caution”  about  him. 
If  the  female  is  in  a receptive  mood  she  engages  in  sparring  move- 
ments with  the  male,  then  extends  the  first  two  pairs  of  legs  out  in 
front  of  her  and  depresses  her  cephalothorax.  This  is  the  signal 
for  the  male  who  now  walks  over  her  and  assumes  the  copulatory 
position. 

In  the  one  case  in  which  copulation  was  observed  it  began  after 
5 minutes  of  courtship  (the  female  was  virgin  and  receptive)  and 
the  act  itself  lasted  8 minutes.  The  palps  were  used  alternately, 
each  being  employed  for  7 to  25  seconds  before  changing.  During 
the  process  the  male  vibrated  his  abdomen  two  or  three  times  per 
second.  When  the  male  dismounted  he  jumped  to  one  side  quickly, 
and  then  started  courting  again  after  about  three  minutes.  The 
female  became  aggressive  and  jumped  at  him  several  times,  but  he 
was  too  quick  for  her.  He  resumed  his  courtship  after  a few  more 
seconds,  but  this  time  the  female  did  manage  to  seize  and  kill  him. 

Lycosa  gulosa 

The  courtship  in  this  species  was  probably  seen  by  Lahee 
(1904),  and  by  Davis  (1904),  who  were  not  quite  sure  of  the  sig- 
nificance of  their  observations.  Both  of  them  reported  seeing  only 
males,  though  Lahee  suspected  the  sexual  nature  of  the  phenomenon 
he  witnessed  and  gave  a more  detailed  description  of  the  drumming 
action  of  the  palps. 

I observed  the  courtship  five  times  and  copulation  once.  The 
movements  are  as  follows : immediately  upon  coming  in  contact 
with  the  female,  or  within  3 minutes  thereof,  the  male  begins  to 
drum  his  palps  rapidly  against  the  floor  of  the  cage.  These  drum- 
ming movements  are  made  so  rapidly  that  a distinct  purring  or 
humming  sound  can  be  heard.  The  palps  are  used  alternately  and 
are  raised  only  a very  short  distance  during  the  process.  The  body 
is  held  at  an  angle  so  that  the  posterior  end  of  the  abdomen  almost 
touches  the  floor.  As  a consequence  when  the  male  begins  to  twitch 
his  abdomen  in  a vertical  plane  the  tip  strikes  the  floor.  However, 
I could  not  detect  any  sounds  made  by  this  part  of  the  body.  It  is 
highly  probable  that  the  vibrations  set  up  in  the  substratum  by  the 
tapping  movements  of  the  palps  and  abdomen  are  perceived  by  the 
female.  This  may  exert  an  exciting  influence  on  her  in  a manner 
analogous  to  that  which  occurs  in  web-building  species,  where  the 
male  tweaks  the  threads  of  the  female’s  snare. 
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The  male  now  moves  slowly  toward  the  female  without  courting. 
When  near  her  he  reaches  over  to  touch  her.  At  first  she  may  jump 
at  him  and  chase  him  away.  Later,  if  she  is  receptive  she  allows 
him  to  stroke  her  legs  or  abdomen.  After  this  contact  with  the 
female  the  male  resumes  his  courtship  movements.  Later  on,  if  the 
male  gets  more  excited  he  begins  to  raise  his  forelegs  off  the  floor 
about  1 or  2 mm.  and  lower  them  quickly.  During  this  process  the 
legs  quiver  violently. 

After  13  minutes  of  this  courting  one  male  began  to  mount  the 
female,  but  before  he  could  get  into  the  final  copulatory  position, 
she  ran  away  from  him.  Another  male  had  courted  only  seven 
minutes  when  the  female  allowed  him  to  mount.  The  position  is 
the  usual  one  for  Lycosids,  the  male  using  his  palps  alternately 
during  the  10  minutes  the  act  lasted.  This  duration  time  may  not 
be  the  usual  one  for  the  species,  however,  for  one  pair  were  ob- 
served in  the  field,  when  collected,  which  were  already  in  copula 
and  remained  so  for  about  another  half  hour. 

Schizocosa  crassipes 

Courtship  and  copulation  were  described  in  this  species  (sub 
Lycosa  stonei)  by  Montgomery  (1903).  The  courtship  was  seen 
by  me  five  times,  but  none  of  the  females  allowed  the  males  to  copu- 
late with  them.  My  observations  are  in  complete  agreement  with 
those  of  Montgomery,  as  far  as  his  went,  but  I noticed  in  addition 
a good  deal  of  variation  in  the  movements. 

The  male  begins  by  extending  his  forelegs  out  parallel  in  front 
of  him  and  taps  the  floor  with  both  simultaneously,  about  four  or 
five  times  in  rapid  succession.  As  soon  as  the  tapping  is  over  he 
jerks  his  abdomen  up  and  down  at  about  the  same  rate  as  the  fore- 
legs. Since  the  body  is  held  very  low  during  this  act  the  tip  of  the 
abdomen  may  strike  the  floor,  resulting  in  a low  tapping  sound. 
He  now  moves  around  slowly,  as  often  away  from  as  toward  her, 
and  continues  the  tapping  movements  of  legs  and  abdomen  at  inter- 
vals. Suddenly  he  begins  another  characteristic  movement,  viz., 
the  forelegs  are  raised  in  a manner  resembling  somewhat  the  arched 
condition  in  Lycosa  rabida.  The  femur  is  held  vertical  or  inclined 
backward  slightly,  the  patella  + tibia  section  makes  an  angle  of  130° 
with  the  femur,  and  the  metatarsus  + tarsus  section  an  angle  of 
about  100°  with  the  patella  + tibia.  The  body  is  raised  high  upon 
the  posterior  three  pairs  of  legs  and  the  palps  extended  so  as  to 
touch  the  floor  just  in  front  of  and  below  the  face.  This  pose, 
together  with  the  fact  that  the  tibiae  of  the  forelegs  are  clothed 
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with  large  vertically  implanted  bristles  giving  these  joints  the  ap- 
pearance of  test-tube  brushes,  makes  the  male  conspicuous  indeed 
(figs.  8 and  11). 

The  male  sometimes  walks  around  holding  his  legs  in  this  posi- 
tion but  usually  he  moves  them  backward  and  forward  in  short 
jerks  so  that  the  angles  are  changed  variable  amounts.  Every  now 
and  then  he  extends  them  and  taps  the  floor  in  front  of  him. 

The  female  of  this  species  appears  quite  aggressive  and  when 
the  male  comes  to  within  about  1 or  2 cm.  of  her  she  always  jumps 
at  him  and  frightens  him  away.  After  a number  of  such  fierce 
rushes  the  male  ceases  his  courtship  and  avoids  her. 

Family  Pisauridae 

Observations  on  mating  phenomena  in  this  family  have  been 
made  on  relatively  few  species.  While  first  seen  by  van  Hasselt 
(1884),  the  remarkable  courtship  of  Pisaura  mirabilis  (Cl.)  has 
been  well  described  by  Gerhardt  (1923,  1924b),  by  Bristowe  and 
Locket  (1926),  and  by  Spassky  (1935)  (sub  listen),  and  has  also 
been  noted  (sub  Ocyale)  by  Nielsen  (1932).  In  this  species  there 
is  no  elaborate  courtship  dance,  though  Prell  (1916)  described  a 
drumming  of  the  palps  not  noted  by  other  observers.  Instead  the 
male  enswathes  a fly  and  presents  it  to  the  female.  Gerhardt 
(1926)  described  the  behavior  of  Dolomedes  fimbriatus  (Clerck), 
where  the  male  waits  until  the  rather  ferocious  female  is  eating  and 
then  proceeds  to  tap  her  with  his  legs.  In  D.  plantarius  (Cl.)  as 
reported  (sub  fim b rid tus)  by  Bonnet  (1924)  it  does  not  seem  neces- 
sary for  the  female  to  be  eating  before  the  male  begins  his  court- 
ship. 

Dolomedes  scriptus 

The  courtship  was  observed  twenty-five  times  and  copulation 
eight  times.  At  first,  on  the  basis  of  previous  reports  of  other  ob- 
servers on  D.  fimbriatus  and  Pisaura  mirabilis  I provided  flies  for 
both  male  and  female.  I soon  found,  however,  that  this  was  un- 
necessary, the  male  courting  without  the  use  of  any  such  induce- 
ment. 

When  the  male  first  comes  in  contact  with  the  female  he  is 
generally  pushed  away  by  her.  He  remains  motionless  at  a dis- 
tance for  about  2 or  3 minutes,  then  slowly  turns  toward  the  direc- 
tion in  which  the  female  happens  to  lie  and  proceeds  to  court.  The 
male  moves  very  slowly  with  his  body  held  close  to  the  floor  of  the 
cage,  the  legs  spread  rather  widely,  palps  flexed  and  touching  the 
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floor.  Then  he  extends  the  first  pair  of  legs  parallel  to  each  other 
out  in  front,  and  raising  them  slightly,  taps  them  against  the  floor 
very  gently.  As  he  approaches  nearer  to  the  female  the  legs  tend 
to  be  raised  at  a greater  angle,  from  15°  to  almost  90°  (fig.  12). 
The  legs  may  move  simultaneously  but  usually  alternately.  Often 
the  leg  is  waved  outward  then  inward,  describing  a large  ellipse 
before  it  is  brought  down  to  tap  the  floor  three  or  four  times.  The 
rate  of  tapping  may  increase  from  two  per  second  to  three  per 
second  as  he  continues.  Finally  when  near  enough  to  touch  the 
female  he  very  slowly  strokes  one  of  her  legs,  or  her  body,  and  flips 
the  tarsi  of  his  forelegs  as  he  raises  them  before  each  tap.  The 
whole  gives  one  the  impression  of  a slow,  graceful  dance.  The 
female  usually  kicks  him  away  after  10-20  seconds,  whereupon  the 
male  stops  courting  for  2 or  3 minutes  only  to  resume  as  before,  as 
he  slowly  moves  toward  her  again. 

At  times  the  male  arches  his  forelegs  for  a moment  in  the 
manner  of  Schizocosa  crassipes  or  Lycosa  rabida , but  they  are  soon 
extended  and  waved  in  the  more  usual  manner.  The  last  few  centi- 
meters separating  the  male  and  female  are  covered  very  slowly,  the 
male  appearing  to  exercise  the  greatest  “ caution.”  Occasionally 
the  female  raises  a leg  before  she  is  touched  and  quick  as  a flash 
the  male  retreats.  Again  he  courts,  keeping  it  up  sometimes  for 
more  than  two  hours.  If,  however,  the  female  appears  aggressive 
and  instead  of  merely  kicking  him  away  she  jumps  at  him  when  he 
comes  too  close,  the  male  soon  stops  his  courting  dance  and  remains 
motionless  in  a corner  of  the  cage.  If  the  female  is  receptive  she 
allows  the  male  to  stroke  her  legs  and  may  indulge  in  leg  play  (as 
in  the  Lycosids)  raising  each  leg  slightly  when  it  is  tapped  by  the 
male. 

Of  the  eight  instances  of  copulation  observed  two  took  place 
suspended  from  a stick  placed  diagonal^  in  the  cage,  one  along  a 
vertical  wall,  and  the  remaining  five  on  the  floor.  In  four  instances 
the  position  assumed  was  that  typical  for  the  Lycosidae,  in  the 
sense  that  the  two  faced  in  opposite  directions  and  the  male’s  venter 
was  applied  to  the  female’s  dorsum.  The  position  differed  slightly 
from  the  Lycosid  one  in  that  the  female  did  not  support  herself  on 
her  legs  but  kept  them  extended  above  her  body.  This,  of  course, 
interfered  with  the  male’s  getting  his  palp  into  position.  It  was 
necessary  for  the  male  to  raise  the  female’s  abdomen  toward  the 
side  in  order  to  apply  his  palp. 

In  the  other  four  instances  the  position  assumed  was  quite  dif- 
ferent. The  female  lay  on  her  side  with  her  legs  extended  and  the 
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male  stood  with  his  body  at  right  angles  to  hers.  The  male’s  face 
was  just  anterior  to  her  epigynum  and  in  those  cases  where  the 
female  lay  on  her  left  side  the  male  used  his  right  palp  (fig.  13), 
and  vice  versa.  This  position  was  resorted  to  by  two  males  and 
two  females  each  of  whom  had  at  other  times  copulated  in  the  other 
position,  a fact  which  together  with  the  accounts  already  given  for 
Pardosa  saxatilis  and  P.  lapidicina  may  be  of  interest  to  those 
studying  variations  in  instinct. 

Copulation  lasted  less  than  5 seconds  in  two  instances,  about 
15  seconds  in  three,  and  20  to  30  seconds  in  three  instances.  In 
each  case  only  one  palp  was  used  and  the  male’s  abdomen  twitched 
several  times  during  the  insertion.  The  leg  spines  were  erected 
quickly  with  the  distension  of  the  hematodocha  and  fell  back 
slowly  as  it  collapsed.  In  no  case  did  the  males  appear  to  have 
finished  the  mating  act  when  pushed  away  by  the  females. 

Family  Attidae 

The  mating  behavior  in  this  family  has  been  described  for  a 
large  number  of  species  by  numerous  observers,  among  whom  have 
been  the  Peckhams  (1889,  1890,  1894,  1909),  Montgomery  (1909), 
Gerhardt  (1921,  1923,  1924c),  Berland  (1914,  1923,  1927),  Homann 
(1928),  Thomas  (1929),  Bristowe  (1922,  1929,  1931),  Nielsen 
(1932),  Bonnet  (1933a),  Sytschewskaja  (1928,  1935),  and  Heil 
(1936).  In  addition,  Emerton  (1909,  1926)  has  given  excellent 
figures  showing  courting  attitudes. 

In  this  family  the  males  of  many  species  are  furnished  with 
epigamic  characters,  far  more  striking,  in  most  cases,  than  any- 
thing met  with  in  the  Lycosidae,  or  in  any  other  family.  The 
dances  performed  may  exhibit  these  characters  to  the  female,  but 
as  reported  by  Berland  (1914)  and  Thomas  (1929),  even  in  a 
species  where  the  male  is  very  strikingly  marked  {e.g.,  Philaeus 
chrysops)  copulation  may  occur  without  any  preceding  courtship. 

Phidippus  darns 

The  courtship  was  observed  thirty-one  times  and  copulation  in 
nine  cases.  In  one  case  courtship  was  begun  by  the  male  when  he 
was  10  cm.  removed  from  the  female.  Usually,  however,  not  before 
the  male  had  approached  to  within  6 or  7 cm.  of  the  female  did  he 
begin  to  court.  The  male  begins  by  extending  his  forelegs  out- 
ward, upward,  and  forward,  so  that  they  make  an  angle  of  about 
30°  from  the  horizontal,  seen  from  the  side,  and  about  45°-60° 
from  the  sagittal  plane,  seen  from  above.  Viewed  from  in  front 
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the  femur  makes  an  angle  of  55°  from  the  horizontal,  while  the 
other  segments  are  held  practically  horizontal  (fig.  3).  The  palps 
are  usually  held  pointing  downward,  forward  and  outward,  though 
they  may  sometimes  be  widely  spread,  without  touching  the  floor. 
The  fore  part  of  the  body  is  held  slightly  higher  than  the  rear. 

The  male  moves  toward  the  female  in  short  jerks,  not  progres- 
sing in  a straight  line  but  in  zigzag  fashion.  Each  time  he  takes 
a step  forward  the  forelegs  are  raised  somewhat  higher,  simultane- 
ously or  alternately,  then  quickly  lowered.  The  abdomen  is  moved 
from  side  to  side  now  and  then,  tending  to  be  inclined  in  the  direc- 
tion opposite  to  the  side  toward  which  the  male  is  moving  as  he 
zigzags. 

Often  the  female  appears  to  pay  no  attention  to  him  (fig.  23), 
but  when  he  gets  close  enough  to  touch  her  she  may  turn  to  face 
him  with  her  forelegs  raised  in  the  defense  attitude,  or  else  retreats 
before  him.  Often  she  allows  him  to  touch  her,  the  male  reaching 
over  with  quivering  legs  and  tapping  her  for  a few  seconds.  If  she 
is  not  ready  to  mate  she  runs  away  and  the  male  resumes  his  court- 
ship. If,  however,  she  is  willing  she  stands  motionless  and  allows 
the  male  to  mount  over  her  head  in  a manner  similar  to  that  of  the 
Lycosids. 

The  copulatory  position  (fig.  15)  is  more  or  less  the  same  as  that 
described  for  Lycosids,  except  that  the  male  is  farther  to  one  side  of 
the  female  and  not  directly  over  her.  In  addition,  only  his  legs 
on  the  side  near  her  embrace  her  body  while  the  others  rest  upon 
the  floor.  With  his  foreleg  he  turns  and  supports  her  abdomen  to 
bring  the  epigynum  within  easy  reach  of  his  palp.  When  on  her 
left  side  he  uses  his  left,  and  when  on  her  right  side  his  right.  The 
palps  are  used  alternately,  the  male  walking  over  the  female’s  body 
to  her  other  side  to  use  his  other  palp.  Since  she  is  only  very  loosely 
held  she  often  tries  to  walk  away  at  this  time,  so  that  the  male  may 
lose  her.  If  this  occurs  he  resumes  courting  and  strokes  her  body 
until  she  allows  him  to  mount  again.  This  occurred  in  five  of  the 
nine  cases  observed.  In  two  of  the  latter  cases  the  males  had  to 
induce  the  females  to  allow  them  to  mount  a third  time. 

While  in  copula  the  hematodocha  seemed  to  be  more  or  less  dis- 
tended for  the  entire  duration  of  a palpal  insertion.  However,  at 
at  intervals  of  about  1 second  it  was  distended  a little  more  and  then 
collapsed  a little.  Coincident  with  these  distensions  the  entire  body 
twitched  slightly  and  the  leg  spines  were  partly  erected.  They  all 
fell  back  again  simultaneously  and  almost  immediately  as  the 
hematodocha  collapsed. 
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Courtship  may  continue  for  a variable  length  of  time  before 
copulation  is  allowed  by  the  female.  In  the  nine  cases  observed  the 
times  were  1,  3,  7,  9,  9,  13,  48,  53  minutes,  and  6 hours.  The  dura- 
tions in  copula  were  19,  7,  14,  3,  5,  5,  4,  22,  and  1 minutes  respec- 
tively. In  four  cases  each  palp  was  used  only  once,  in  five  cases  one 
palp  was  used  a second  time.  The  spiders  walked  on  the  ceiling  as 
well  as  on  the  walls  of  the  cage  so  that  copulation  and  courtship 
were  as  apt  to  occur  there  as  on  the  floor. 

Phidippus  audax 

The  Peckhams  (1889)  had  not  been  able  to  observe  the  court- 
ship in  this  species  (sub  morsitans)  on  account  of  the  fierce  female 
killing  the  males  soon  after  they  were  provided  for  her.  I observed 
the  courtship  twenty-two  times  and  copulation  three  times  and  can 
also  testify  to  the  fierceness  of  the  females.  However,  this  is  not  a 
characteristic  of  that  sex  alone,  for  although  I did  see  two  females 
attack  and  eat  males,  I saw  four  instances  of  males  attacking  and 
eating  females. 

The  courting  movements  in  this  species  are  very  similar  to  those 
already  described  for  P.  clams,  the  angles  at  which  the  forelegs  are 
held  being  somewhat  different.  The  legs  are  held  out  at  an  angle 
of  about  45°  viewed  from  in  front  (fig.  6),  being  raised  to  that 
position  in  two  jerky  movements  about  \ second  apart.  They  are 
held  up  for  3 to  5 seconds  while  the  male  zigzags  before  the  female, 
then  dropped  to  the  floor.  Again  they  are  raised  and  the  move- 
ments are  repeated,  each  series  of  movements  bringing  the  male 
about  1 cm.  nearer  the  female.  Sometimes  he  retreats  about  5 mm. 
before  beginning  the  next  series  of  movements.  The  palps  are  held 
so  that  the  distal  joints  point  mesally  and  the  body  is  inclined 
slightly  so  that  the  front  end  is  higher  than  the  rear. 

Courtship  movements  are  usually  begun  when  the  male  is  from 
5 to  10  cm.  removed  from  the  female,  and  when  he  is  within  2 or  3 
cm.  from  her  he  usually  raises  and  lowers  his  palps  simultaneously, 
rapidly  four  or  five  times.  He  may  also  wave  his  forelegs  alter- 
nately in  a manner  reminding  one  of  the  movements  of  a tight-rope 
walker.  If  the  female  is  too  aggressive  he  stops  his  courting  and 
keeps  as  far  away  as  possible. 

I11  the  three  instances  where  copulation  was  allowed  by  the 
female  courtship  lasted  only  5 minutes  or  less.  Copulation  lasted  1 
minute,  3 minutes  and  3 hours  48  minutes,  respectively.  Only  one 
palp  was  used  in  each  of  the  short  copulations,  but  in  the  long  the 
right  palp  was  used  three  times  and  the  left  twice.  The  position 
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ancl  procedure  is  almost  identical  with  that  of  P.  clarus.  Here  too 
the  female  walked  away  at  first  when  the  male  was  changing  palps 
and  had  to  be  courted  to  allow  the  male  to  mount  again.  The 
movements  of  the  hematodocha  and  leg  spines  were  identical  with 
those  in  P.  clams,  and  the  male’s  abdomen  twitched  in  time  with 
them. 

Phidippus  pur  pur  at  us 

Although  Montgomery  (1909)  described  the  act  of  copulation 
in  this  species,  he  did  not  give  any  details  of  courtship.  I was  able 
to  observe  courtship  in  four  instances  and  copulation  once.  The 
courting  attitudes  assumed  are  similar  to  those  already  described 
for  P.  clarus  and  audax.  The  cephalothorax  is  raised  somewhat 
higher  however,  and  the  tip  of  the  abdomen  almost  touches  the 
floor,  so  that  the  body  makes  an  angle  of  about  40°-50°  with  the 
horizontal,  while  the  forelegs  are  held  at  an  angle  of  about  25°  from 
the  horizontal  (figs.  14  and  16).  The  legs  are  waved  about  a good 
deal  so  that  the  angles  vary.  The  palps  are  held  wide  apart  and 
parallel  with  each  other,  and  only  occasionally  drummed  on  the 
floor. 

The  male  begins  his  dance  when  he  comes  to  within  about  8 cm. 
of  the  female,  zigzagging  back  and  forth  in  a jerky  manner,  while 
he  waves  his  legs.  When  near  enough  to  the  female  he  reaches  over 
and  strokes  her  body  for  about  10  to  20  seconds.  At  first  she  re- 
treats, but  after  a while,  when  ready  to  mate,  she  may  allow  him 
to  continue  the  stroking  for  some  time.  The  male  mounts  by  walk- 
ing over  her  head  as  described  for  P.  clarus,  and  assumes  the  copu- 
latory  position  after  a few  more  tappings.  The  right  palp  was  ap- 
plied to  her  epigynum  for  about  1 minute,  then  the  left  for  4 min- 
utes, after  which  the  male  dismounted  and  left  her.  Within  another 
minute  the  male  started  courting  her  again,  but  the  female  kept 
retreating  from  him  so  he  soon  discontinued  his  efforts. 

Family  Thomisidae 

Mating  in  this  family  had  been  seen  by  Prach  (1866),  Simon 
(1875),  and  Emerton  (1880,  1889),  but  more  completely  described 
by  Montgomery  (1903,  1909),  Gerhardt  (1923,  1924b,  1933), 
Bristowe  (1922,  1930,  1931),  Thomas  (1930a),  and  Sytschewskaja 
(1935).  There  does  not  appear  to  be  any  elaborate  courtship  as  in 
the  previously  discussed  families  which  have  better  powers  of  sight. 
However,  the  preliminaries  to  mating  may  consist  in  a stroking  and 
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tapping  of  the  female,  or  in  some  other  procedure  peculiar  to  the 
species. 


Tibellus  oblong  us 

Gerhardt  {1923)  described  the  mating  act  in  this  species  but  he 
apparently  failed  to  describe  any  preliminaries.  The  mating  be- 
havior was  observed  by  me  in  eight  instances  with  details  of 
copulation  noted  in  five. 

The  two  sexes  appear  to  be  entirely  unaware  of  each  other  when 
put  together  in  the  same  cage,  and  only  upon  contact  does  the  male 
indicate  that  he  has  become  cognizant  of  the  female’s  presence.  In 
most  cases,  if  they  did  not  happen  to  come  in  contact  I pushed  the 
female  over  toward  the  male.  The  male  reacts  immediately  by 
seizing  one  of  the  legs  of  the  female  in  his  chelicerae.  It  is  usually 
at  the  tibia  of  one  of  the  second  pair,  but  sometimes  one  of  the 
first  pair.  This  is  held  for  30  to  60  seconds  while  both  stand 
motionless.  The  male  then  releases  his  hold  and  the  female  flexes 
her  legs  close  to  her  body  in  such  a manner  that  all  the  femoro- 
patellar  joints  lie  dorsal  to  her  cephalothorax.  Now  the  male  walks 
up  over  the  female  and  appears  to  be  stroking  her  with  his  legs  as 
he  moves  around.  Closer  examination  reveals  the  fact  that  he  is 
also  spinning  threads  over  her  and  fastening  her  down  with  silk. 
This  occupies  him  for  1 to  2 minutes,  after  which  he  assumes  the 
copulatory  position.  The  phenomenon  of  the  male  tying  down  the 
female  with  silk  was  first  described  by  Bristowe  (1922)  for  Xysticus 
cristatus,  but  is  apparently  a species  peculiarity  for  he  reports 
(1926)  that  it  does  not  take  place  in  T.  maritimus  Menge. 

The  male  takes  a position  as  indicated  in  fig.  17,  which,  as 
Gerhardt  has  shown,  is  a modification  of  the  Lycosid  type.  The 
male  reaches  under  the  female ’s  body  which  is  arched  so  as  to  bring 
the  epigynum  off  the  substratum,  and  inserts  the  palp  correspond- 
ing to  the  side  of  the  female  on  which  he  is  standing.  His  abdomen 
is  inclined  at  an  angle  of  60°  from  the  horizontal  and  bent  some- 
what over  hers,  while  his  cephalothorax  is  more  nearly  horizontal 
and  partly  underneath  her  body,  and  his  legs  embrace  her.  The 
palps  are  used  alternately,  the  male  moving  over  the  female’s  body 
to  the  other  side  of  her  when  preparing  to  use  his  other  palp.  The 
duration  of  copulation  was  15,  21,  25,  11,  and  26  minutes  in  the  five 
cases  where  the  times  were  noted,  and  each  palp  was  used  only  once 
in  the  first  three,  twice  in  the  fourth,  and  three  times  in  the  fifth 
case  respectively. 
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Often,  just  before  inserting  his  palp  it  was  passed  through  his 
chelicerae.  Coincident  with  the  distension  of  the  hematodocha, 
about  every  10-15  seconds,  the  leg  spines  were  erected  three  times 
in  rapid  succssion,  and  then  depressed  simultaneously.  This 
phenomenon  is  likewise  a species  peculiarity  being  definitely  lacking 
in  T.  maritimus,  according  to  Bristowe  (1926). 

After  the  male  dismounts  and  leaves  the  female  she  may  remain 
motionless  in  the  same  position  for  2 to  5 minutes  before  beginning 
to  struggle  out  of  the  silken  bonds. 

Philodromus  pernix 

The  mating  behavior  was  observed  in  eight  instances  with  details 
of  copulation  noted  in  four.  As  in  Tibellus  the  two  sexes  appear 
to  be  entirely  unaware  of  each  other’s  presence  until  they  come  in 
contact.  As  soon  as  they  touch,  the  male  proceeds  to  tap  the  female 
with  his  first  and  second  pairs  of  legs  which  are  vibrated  rapidly. 
His  whole  body  is  jerked  up  and  down  about  once  per  second  and 
sometimes  the  abdomen  is  twitched  more  rapidly.  If  the  female 
runs  away  the  male  often  has  difficulty  finding  her  again,  though  he 
taps  the  threads  she  has  laid  and  may  come  to  within  5 mm.  of  her. 
If  the  female  is  receptive  she  draws  up  her  legs  and  the  male 
assumes  a position  similar  to  that  of  Tibellus.  Copulation  lasted  15 
seconds  in  one  case,  2 minutes  in  two,  and  6 minutes  in  another. 
The  right  palp  only  was  used  in  the  first  case,  the  right  and  left 
each  used  once  in  the  next  two,  and  each  used  six  times  in  the  last. 
The  female  is  not  tied  down,  and  the  male  keeps  up  a constant 
tickling  of  the  female  with  his  legs.  The  hematodocha  was  dis- 
tended several  times  for  each  palpal  insertion.  Each  distension 
took  about  2 seconds  and  all  the  leg  spines  were  erected  and  de- 
pressed simultaneously.  The  spine  erection  has  been  noted  by 
Bristowe  (1929)  for  P.  aureolus  (Cl.),  and  (1930)  P.  dispar 
Walck.,  but  not  in  P.  fallax  Sund.  (1929). 

In  all  but  the  6 minute  case  the  females  moved  away  apparently 
before  the  males  were  finished,  for  the  latter  pursued  and  tickled 
the  females  with  their  legs.  Finally  the  females  became  aggressive 
and  fought  them  off  so  the  males  stopped  courting. 

Xysticus  triguttatus 

The  pairing  position  for  this  species  was  figured  by  Emerton 
(1889),  though  nothing  was  recorded  concerning  the  preliminaries, 
nor  the  details  in  copula.  I was  able  to  observe  the  mating  behavior 
in  five  instances. 
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As  in  the  case  of  other  species  of  this  genus  reported  by  earlier 
workers,  and  as  I have  already  indicated  for  Tibellus  oMongus,  it  is 
necessary  for  the  male  to  come  in  contact  with  the  female  before  he 
‘ ‘ recognizes  ’ ’ her,  though  he  may  be  able  to  see  her  if  within  3-4  cm. 
In  one  case  a male  was  frightened  away  by  a female  who  was  waving 
her  forelegs  3 cm.  in  front  of  him.  The  male  may  seize  one  of  the 
female’s  legs  in  his  chelicerae,  as  occurred  in  three  instances,  or 
may  not.  In  any  event  he  soon  mounts  the  female  and  begins  to 
tie  her  down  with  silk.  The  female  is  not  always  docile  and  may 
struggle  to  dislodge  the  male.  However,  he  finally  quiets  her  and 
assumes  the  copulatory  position  more  or  less  common  to  spiders  of  this 
genus  (fig.  18).  The  male  faces  in  the  same  direction  as  the  female, 
their  bodies  with  ventral  surfaces  approximated,  though  the  male’s 
is  entirely  posterior  to  her  epigynum  so  that  the  posterior  end  of 
his  body  projects  beyond  that  of  the  female.  He  embraces  her  with 
his  legs  and  extends  his  palps  forward  alternately  to  be  applied  to 
her  epigynum.  The  palps  are  not  used  in  strict  alternation,  how- 
ever, and  the  times  of  insertion  are  irregular.  Occasionally  he 
passes  his  palps  through  his  chelicerae.  The  duration  of  the  copula- 
tions were  49,  57,  71,  90,  and  142  minutes  respectively.  In  the  case 
lasting  90  minutes  the  male  left  the  female  at  the  end  of  77  minutes, 
but  returned  after  a 12  minute  interval  to  continue  the  mating  for 
another  13  minutes.  Other  males  interrupted  the  copulation  for 
a minute  or  two,  while  they  moved  around  over  the  female’s  back. 

It  was  observed  that  during  copulation,  when  the  male  was 
using  his  left  palp  the  long  axes  of  the  bodies  of  the  male  and  female 
were  in  the  same  line,  but  when  the  right  palp  was  being  used  the 
male  turned  his  abdomen  toward  his  right  so  that  the  axes  were 
inclined  at  an  angle  of  30°.  During  palpal  insertions  his  abdomen 
twitched  about  every  17  seconds,  and  his  second  pair  of  legs  unflexed 
slightly  about  once  per  second. 

After  the  male  dismounts  and  leaves  the  female  she  may  wait 
from  3 to  20  minutes  before  disentangling  herself. 

As  these  observations  were  made  before  I was  aware  of  the 
published  accounts  of  spine  erections  I did  not  observe  carefully 
to  see  if  they  occurred  in  this  species.  Bristowe  (1922,  1926) 
reported  this  action  for  X.  cristatus  (Cl.),  and  (1931)  for  X.  lanio 
C.  L.  Koch.  However,  Gerhardt  (1925)  had  not  been  able  to  see 
it  in  the  latter  species,  so  there  must  be  considerable  variation.  It 
apparently  does  not  occur  in  X.  ferox  Hentz  (Montgomery  1903), 
X.  pini  (Hahn)  (Thomas  1930a),  X.  krakatauensis  Bristowe 
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(Bristowe  1931),  X.  tristrami  (Cambridge)  (Gerhardt  1933),  or 
X.  striatipes  L.  Koch  (Sytschewskaja  1935). 

The  phenomenon  of  the  male  tying  down  the  female  appears  to 
be  more  general,  having  been  recorded  for  all  of  the  above  species 
except  X.  ferox.  But  in  Montgomery’s  account  of  this  species 
(sub  stomachosus)  he  refers  to  the  male  previous  to  copulation 
turning  about  on  the  back  of  the  female,  holding  her  with  his  legs 
and  feeling  her  with  his  palpi.  It  is  highly  probable  that  she  was 
being  tied  down  at  this  time  and  that  Montgomery  failed  to  see  the 
threads  because  of  lack  of  sufficient  magnification.  Unfortunately 

1 have  been  unsuccessful  in  procuring  representatives  of  this  species 
for  study  so  that  this  point  must  remain  unsettled  for  the  present. 

Coriarachne  versicolor 

The  mating  behavior  was  seen  in  six  instances  with  details  of 
copulation  noted  in  three.  The  behavior  is  very  similar  to  that 
already  described  for  Xysticws  triguttatus.  When  the  male  comes 
in  contact  with  the  female  he  immediately  climbs  on  top  of  her. 
At  the  same  time  he  seizes  her  with  his  chelicerae.  In  three  cases 
he  seized  her  cephalothorax,  and  in  three  her  second  leg.  After  a 
twenty  second  interval  he  releases  his  hold  and  begins  to  tie  her 
down  with  silk.  The  female  may  still  try  to  get  away  though  more 
usually  she  is  motionless  by  now.  The  male  then  assumes  a position 
exactly  as  in  Xysticus  (fig.  18). 

Copulation  lasted  27,  48,  and  50  minutes  respectively.  In  the 
first  two  cases  one  palp  was  used  twice  and  the  other  once.  In  the 
third  case  each  palp  was  used  twice.  The  male’s  body  changes  its 
angle  toward  the  female  when  the  palps  are  changed.  At  about 
12-15  second  intervals  the  hematodocha  is  distended,  and  the  leg 
spines  are  erected  quickly.  They  all  fall  more  or  less  simultane- 
ously about  a second  later. 

When  the  male  leaves  the  female  she  remains  motionless  for 

2 to  5 minutes  before  struggling  to  free  herself  from  the  silken 
bonds. 

EXPERIMENTS2 

Before  using  the  males  in  these  experiments,  in  analyzing  the 
factors  involved  in  courtship,  it  was  necessary  to  test  them  out 

2 These  experiments  were  not  all  performed  in  the  order  in  which 
they  are  presented  here,  nor  was  it  possible  for  all  parts  of  one 
experiment  to  be  completed  before  going  on  to  the  next. 
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Species 

No.  of 

<?<? 

used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Pardosa 

milvina  

10 

5 

0 

Separated  immediately 

Pardosa 

modica  

13 

11 

2 

upon  coming  in  contact. 
Avoided  one  another. 

^304  and  ^306  courted 

Pardosa 

emertoni  

6 

3 

0 

weakly  upon  seeing  an- 
other male,  then  ceased  a 
short  time  after  touching 
him. 

Similar  to  P.  milvina. 

Pardosa 

saxatilis  

5 

9 

3 

Two  males  courted  upon 

Lycosa 

rabida  

3 

3 

0 

seeing  the  other  male,  hut 
stopped  upon  contact. 
However,  <^51  continued 
even  after  contact. 

Separated  and  avoided 

Lycosa 
gidosa  

2 

1 

0 

one  another. 

Started  to  fight  when  they 

Lycosa 

helliio  

3 

3 

0 

came  in  contact. 

Raised  forelegs  in  defense 

Schizocosa 
crassipes  

2 

1 

0 

attitude  and  backed  away 
from  one  another. 

Separated  and  avoided 

Dolomedes 
script  us  

6 

3 

0 

one  another. 

Started  to  fight  when  they 

Phidippus 
clams  

8 

4 

8 

came  in  contact. 

All  courted  until  close  to 

other  male,  then  opened 
their  chelicerae  and  fangs 
widely.  Some  fought, 

others  backed  away. 
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with  a female  to  see  if  they  were  in  the  courting  “mood”.  The 
mere  fact  that  a male  is  mature  is  no  indication  that  he  is  ready  to 
court,  for  as  has  long  been  known,  and  has  been  discussed  fully  by 
Gerhardt  (1924a),  he  must  first  charge  his  palps  with  sperm.  A 
male  without  sperm  in  his  palps  will  not  court.  There  may  also 
be  other  factors  which  inhibit  courtship  activity,  hence  the  necessity 
for  a control  tryout.  As  soon  as  the  male  showed  the  proper 
response  he  was  immediately  removed  from  the  female’s  presence 
and  an  interval  of  several  hours  was  allowed  to  elapse  before  he 
was  used  in  the  experiment.  For  the  sake  of  conserving  space  and 
printing  the  results  will  be  presented  in  condensed  tabular  form. 

Experiment  1.  Behavior  of  males  toward  males.  The  spiders 
were  tested  in  pairs,  one  member  of  the  pair  being  marked  in  some 
way  for  identification  purposes. 


Species 

No.  of 

SS 

used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Phidippus 
andax  

8 

6 

8 

Similar  to  P.  clarus. 

Philo  dr omus 
per  nix  

2 

1 

0 

Separated  and  avoided  one 

Xysticus 

triguttatus  ... 

2 

1 

0 

another. 

Started  to  fight  when  they 

Coriarachne 
versicolor  

4 

3 

0 

came  in  contact. 

Started  to  fight  or  sepa- 

rated when  they  came  in 
contact. 

In  addition  to  the  above  experiments  in  the  laboratory  it  was 
observed  in  the  field  that  a male  Geolycosa  arenicola  was  courting 
another  male.  There  were  no  females  in  the  vicinity  nor  were  any 
of  their  burrows  to  be  seen.3  It  appears  then  that  males  can 

3 Emerton’s  1912  paper  contains  a description  of  the  courting 
behavior  in  Geolycosa  arenicola  (sub  Lycosa  pikei) , but  the  figures 
were  not  published.  I wish  here  to  acknowledge  my  indebtedness 
to  Mr.  Nathan  Banks  and  Miss  E.  B.  Bryant,  of  the  Museum  of 
Comparative  Zoology  at  Cambridge,  Mass.,  for  permitting  me  to 
examine  Emerton’s  excellent  illustrations. 
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generally  distinguish  males  from  females  on  contact,  but  not  on 
sight. 

Experiment  2.  Behavior  of  males  toward  immature  females. 
This  was  performed  to  determine  whether  these  species  are  simi- 
lar to  those  reported  by  Meyer  (1928)  and  Berland  (1932)  in 
which  the  males  were  not  stimulated  by  immature  females.  As 
the  results  indicate,  they  are  different.  Immature  females,  at  least 
those  in  the  penultimate  and  antepenultimate  instars,  can  stimulate 
males  to  court.  This  is  in  agreement  with  the  great  bulk  of  recorded 
cases. 


Species 

No.  of 

c?<? 

used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Pardosa 

milvina  

20 

20 

13 

11  courted  strongly,  8 
courted  immediately  upon 
contact,  3 after  a short 
interval,  and  2 courted 
very  weakly. 

Pardosa 

emertoni  

5 

5 

5 

One  courted  immediately 
upon  contact,  the  others  at 
intervals  up  to  12  minutes. 

Dolomedes 
scriptus  

5 

5 

5 

Males  behaved  essentially 
as  with  mature  females. 

Phidippus 
clarus  

8 

8 

8 

Same  as  above. 

Phidippus 
audax  

6 

6 

5 

Same  as  above. 

Experiment  3.  Behavior  of  males  toward  immature  males. 
The  immature  males  used  here  were  all  in  the  penultimate  instar, 
with  the  exception  of  one  P.  milvina  who  was  in  the  antepenulti- 
mate. The  latter  was  consequently  indistinguishable  from  im- 
mature females.  The  penultimate  males  also  resemble  females  in 
coloration,  being  much  lighter  than  mature  males,  but  they  can 
be  distinguished  by  their  enlarged  palps. 
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Species 

*0 
* U) 

o> 

O £ 

£ U 

Remarks 

6 as 
£ & 

d ce 
£ £ 

£ 0 

Pardosa 

milvina  

28 

26 

18 

See  note  below. 

Pardosa 

modica  

2 

2 

1 

Discontinued  courtship 

after  a short  time. 

Phidippus 
clams  

8 

8 

8 

Behaved  essentially  as 
with  females. 

Philodromus 
pernix  

1 

1 

0 

Separated  immediately 

after  contact. 

Concerning1  Pardosa  milvina  it  should  be  noted  that  all  the 
mature  males  put  with  the  antepenultimate  male  courted,  but  only 
some  of  those  with  the  penultimate  males.  Moreover  the  courtship 
was  not  continued  for  very  long  in  the  latter  cases. 

Experiment  4.  Reaction  of  males  to  females  when  sight  alone 
is  involved.  For  this  experiment  a partitioned  cage  was  made,  a 
glass  plate  being  used  to  keep  the  spiders  from  touching,  yet 
allowing  them  to  see  one  another.  After  the  usual  attempts  to 
escape  they  would  quiet  down  a little.  If  then  the  female  moved 
around  while  the  male  was  looking  toward  the  partition  he  usually 
moved  closer  and  watched  her  for  awhile,  then  attempted  to  touch 
her  through  the  partition.  The  result  was  considered  as  negative 
if  the  male  did  not  court  within  fifteen  minutes  after  making 
efforts  to  touch  the  female. 

In  connection  with  the  above  experiment  the  following  may 
be  added.  Unfortunately,  the  males  of  Lycosa  gulosa  were 
accidentally  killed  before  I had  an  opportunity  to  use  them  in 
experiments.  However,  I was  able  to  observe  that  during  their 
normal  mating  behavior  in  three  cases  where  the  male  was  able 
to  see  the  female  for  some  time  before  touching  her  he  did  not 
court.  On  the  day  they  were  collected  another  male  had  watched 
a female  moving  around  in  a vial,  walked  up  to  her  and  attempted 
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Species 

No.  of 
used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Pardosa 

milvina  

18 

20 

4 

<^47  6 courted  vigorously 

Pardosa 

modica  

13 

13 

2 

in  a trial  on  Aug.  18,  1933, 
though  he  had  not  courted 
at  all  on  June  5.  The 
other  three  males  courted 
feebly,  moving  their  palps 
in  alternation  rather  than 
simultaneously  as  is  usual 
in  this  species. 

Both  males  courted  while 

Pardosa 

emertoni  

7 

14 

0 

attempting  to  touch  the 
female  who  had  her  legs 
on  the  partition. 

These  males  made  but  few 

Pardosa 

saxatilis  

6 

6 

3 

efforts  to  touch  the 
females,  and  stood  looking 
at  them  most  of  the  time. 

Courting  was  just  as  vig- 

Lycosa 

rabida  

4 

5 

5 

orous  as  in  normal  mating. 
Courting  was  discontinued 

Lycosa 

helluo  

3 

3 

0 

after  3 or  4 minutes. 
Similar  to  P.  emertoni. 

Schizocosa 
eras sipes  

3 

3 

1 

Courted  very  feebly. 

Dolomedes 
scriptus  

7 

7 

0 

Phidippus 
clarus  

12 

12 

12 

Stopped  courting  when 

Phidippus 
audax  

10 

10 

10 

female  moved  farther 
than  10  cm.  away,  but  re- 
sumed when  she  returned 
to  within  6 or  7 cm. 

Similar  to  P.  clarus. 
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to  touch  her  through  the  glass.  He  immediately  began  to  court 
when  I allowed  them  to  touch  one  another. 

Experiment  5.  Reaction  of  males  to  females  when  sight  and 
“smell”  are  involved.  In  this  experiment  only  males  that  did  not 
court  in  the  previous  one  were  used.  The  object  was  to  see  if 
possible  olfactory  stimuli  in  addition  to  the  visual  would  elicit 
the  courtship  behavior.  The  female  (except  in  D.  scriptus)  was 
placed  under  a large  vial  raised  enough  to  allow  any  possible 
“odors”  to  leave,  yet  prevented  her  escaping.  Each  trial  was 
allowed  to  run  for  30  minutes. 


Species 

No.  of 

<?<? 

used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Pardosa 
milvina  

10 

10 

0 

Female  climbed  wall  of 

Pardosa 
modica  

10 

10 

0 

vial.  Males  made  frantic 
efforts  to  touch  her  through 
the  glass. 

Similar  to  P.  milvina. 

Pardosa 

emertoni  

7 

7 

0 

Males  watched  females  most 

Pardosa 
saxatilis  

3 

3 

0 

of  the  time,  but  made  no 
attempts  to  touch  them. 

Dolomedes 
scriptus  

4 

4 

0 

See  note  below. 

On  account  of  her  large  size  the  female  of  D.  scriptus  was  not 
put  under  a vial.  Instead,  a partitioned  cage  as  in  the  previous 
experiment  was  used.  After  both  male  and  female  had  quieted 
down  and  were  away  from  the  partition,  the  latter  was  slowly 
raised  and  removed.  They  remained  apart  for  the  30  minutes  of 
the  test.  As  an  added  check  the  male  was  allowed  to  touch  the 
female  at  the  end  of  the  test  and  in  every  case  courtship  ensued. 

Experiment  6.  Reaction  of  blinded  males  to  female.  In  order 
to  eliminate  the  sense  of  sight  the  males  were  treated  as  follows: 
after  being  lightly  anaesthetized  with  ether  they  were  held  motion- 
less under  a microscope  while  the  ocular  region  was  covered  with 
an  aqueous  suspension  of  ordinary  photographic  “Opake.”  This 
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Species 

’No.  of 
Jc?  used 

No.  of 
tests 

No.  that 
courted 

Average 

latent 

period 

Remarks 

Pardosa 

milvina  

Pardosa 

6 

6 

6 

9 min. 

Males  did  not  try  to  fol- 
low female  but  merely 
remained  facing  in  the 
direction  from  which 
touched,  and  courted. 

modica  

Pardosa 

8 

8 

7 

p 

20  min. 

Males  tried  to  follow 
female,  but  appeared  un- 
able to  sense  the  direc- 
tion in  which  she  lay. 
They  courted  and  tapped 
her  whenever  they  came 
in  contact  with  her 
again. 

emertoni  ... 
Pardosa 

3 

6 

0 

None  of  the  males  showed 
any  inclination  to  follow 
the  female. 

saxatilis  

Pardosa 

3 

3 

3 

Similar  to  P.  modica. 
They  often  extended 
their  forelegs  as  though 
to  locate  the  female. 

banksi  

Lycosa 

1 

1 

1 

4 min. 

Male  extended  his  fore- 
legs in  front  of  him  more 
often  than  in  normal 
courtship,  and  appeared 
unable  to  describe  circles 
so  well. 

helluo  

Schizocosa 

2 

2 

2 

20  min. 

Similar  to  P.  milvina. 

crassipes  ... 
Dolomedes 

1 

1 

1 

25  min. 

Similar  to  P.  milvina. 

scriptus  

3 

3 

3 

As  in  normal  courtship, 
turned  toward  female 
and  walked  about  at  ran- 
dom making  vain  efforts 
to  reach  her. 
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Species 

No.  of 
J'c?  used 

No.  of 
tests 

No.  that 
courted 

Phidippus 
clarus  

4 

8 

0 

Phidippus 
audax  

4 

8 

0 

Tibellus 
oblongus  ... 

4 

4 

4 

Xysticus 

triguttatus 

2 

2 

2 

QJ 

as  S o 

^ a;  -r ! 
1*8. 


Remarks 


Whenever  touched  by 
the  female,  the  male 
backed  away  with  fore- 
legs raised  an  instant  in 
the  defense  attitude. 

Similar  to  P.  clarus. 

Males  behaved  essen- 
as  they  had  when  not 
blinded. 

Similar  to  Tibellus  ob- 
longus. 


dries  in  a short  while,  and  has  the  appearance  of  dried  clay.  It  is 
non-toxic,  and  its  red  color  is  an  advantage,  since  it  becomes  a rela- 
tively simple  matter  to  ascertain  whether  any  part  of  an  eye  (which 
is  shiny  black)  remains  uncovered.  Since  the  males,  (with  the 
exception  of  the  Thomisidae),  moved  around  less  when  blinded 
than  when  they  could  see,  it  was  necessary  in  this  experiment  to 
induce  the  females  to  walk  over  and  come  in  contact  with  them. 
This  was  done  repeatedly  during  the  30  minutes  of  each  test.  In 
most  cases,  in  those  species  in  wdiich  the  male  courted  there  was  a 
considerable  latent  period  before  he  began.  The  average  time  in 
such  cases  is  indicated. 

In  the  latter  two  species  “courtship”  is  taken  to  mean  the  pre- 
liminaries to  copulation  in  which  the  male  seizes  the  female’s  leg, 
and  then  ties  her  down  while  stroking  her  body  with  his  legs. 

Experiment  7.  Behavior  of  males  in  cage  from  which  a female 
has  just  been  removed.  For  this  experiment  the  female  was  put 
into  a covered  dish  in  the  evening  and  left  overnight  or  longer.  Dur- 
ing this  time  she  walked  around  usually  trailing  threads  of  silk,  so 
that  when  she  was  removed  the  next  day  there  was  a fine  network 
over  the  dish.  The  male  was  kept  in  a clean  dish,  similar  to  the  one 
containing  the  female,  for  about  15  to  30  minutes.  As  soon  as  pos- 
sible after  removal  of  the  female  he  was  introduced  and  the  dish 
immediately  covered  to  retain  all  possible  “odors.” 
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Species 

No.  of 

A? 

used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Pardosa 
milvina  ... 

23 

23 

19 

Usually  tapped  floor  of  cage 

Pardosa 
modica  

13 

13 

0 

with  palpi  and  forelegs  before 
courting. 

Two  males  tapped  the  floor  of 

Pardosa 

emertoni... 

4 

4 

0 

cage  with  palpi  and  forelegs, 
while  the  others  ran  about 
aimlessly. 

Tapped  the  floor  of  cage  with 

Pardosa 
saxatilis  ... 

8 

10 

5 

forelegs  and  palpi  while  walk- 
ing around  slowly. 

Similar  to  P.  milvina. 

Pardosa 
bank  si  

9 

9 

0 

Similar  to  P.  emertoni. 

Lycosa 
rabida  

4 

4 

4 

Alternated  periods  of  court- 

Lycosa 
helluo 

2 

2 

0 

ing  with  periods  of  walking 
about  slowly  tapping  forelegs 
on  floor  of  cage  and  rubbing 
palpi  together. 

Walked  around  without  tap- 

Schizocosa 
eras  sipes... 

3 

3 

3 

ping  legs  or  palpi. 
Similar  to  P.  milvina. 

Dolomedes 
script  us  ... 

8 

8 

4 

Those  which  did  not  court 

Phidippus 
clarus 

12 

12 

0 

remained  motionless  in  a 
corner. 

Tapped  floor  with  palpi  for  a 

Phidippus 
audax  

11 

11 

0 

few  minutes. 

Similar  to  P.  clarus  but  con- 

tinued tapping  for  a longer 
time. 
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In  connection  with  the  above  experiment  may  be  mentioned  the 
following  observation  made  in  the  field.  A male  Geolycosa  areni- 
cola  placed  near  a female’s  burrow  began  to  court  when  his  fore- 
legs touched  the  threads  near  its  entrance.  The  female  was  inside 
and  not  visible. 

It  would  seem  that  the  males  were  receiving  stimuli,  which  in 
some  were  sufficient  to  elicit  courtship. 

Experiment  8.  Behavior  of  males  in  cage  from  which  a male 
has  just  been  removed.  This  was  carried  out  as  in  experiment  7 
with  the  substitution  of  a male  for  the  female.  The  males  were 
selected  from  those  which  had  courted  in  the  previous  experiment. 


Species 

No.  of 
used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Pardosa 

milvina  ... 
Lycosa 

10 

10 

0 

Slight  tapping  of  palpi  and 
forelegs  on  floor  of  cage. 

rabida  

Dolomedes 

3 

3 

0 

Similar  to  P.  milvina. 

script  us  ... 

4 

4 

0 

Remained  motionless  in 
corner. 

The  behavior  of  the  two  species  of  Lycosidae  indicated  that  they 
were  perceiving  stimuli.  However,  these  latter  lacked  some  ele- 
ment which  was  necessary  for  courtship  to  ensue.  As  an  additional 
control  after  the  30  minutes  of  the  test  each  male  was  placed  in  a 
dish  from  which  a female  had  been  removed.  They  all  courted. 

Experiment  9.  Behavior  of  males  in  cage  from  which  a female 
with  collodionized  spinnerets  has  just  been  removed.  This  experi- 
ment was  performed  exactly  like  experiment  7 with  the  exception 
that  just  before  placing  the  female  in  the  covered  dish  for  the  night 
she  was  treated  as  follows:  With  a fine  camel’s  hair  brush  and  the 
aid  of  a binocular  a small  amount  of  thin  (about  1.0%)  collodion 
was  transferred  to  the  base  of  the  spinnerets  and  allowed  to  cover 
and  cement  them  together.  Extreme  care  was  necessary  to  prevent 
covering  the  anal  tubercle.  The  collodion  dried  in  a short  while 
and  did  not  appear  to  inconvenience  the  spider  to  any  great  extent. 
As  in  experiment  8 the  males  used  here  were  selected  from  those 
which  had  courted  in  experiment  7.  This  is  a duplication  of  the 
work  of  Bristowe  and  Locket  (1926),  but  with  opposite  results. 
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Species 

No.  of 

<?<? 

used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Pardosa 

milvina  ... 
Pardosa 

16 

24 

0 

Ran  about  aimlessly  without 
tapping  floor  of  cage. 

saxatilis  ... 
Lycosa 

4 

6 

0 

Similar  to  P.  milvina. 

rabida  

Schizocosa 

4 

6 

0 

Walked  around  very  little 
1 without  tapping  floor  of  cage. 

crassipes... 

Dolomedes 

3 

4 

0 

One  male  tapped  floor  with  a 
foreleg.  The  others  walked 
around  without  tapping. 

scriptus  ... 

4 

6 

0 

Remained  motionless  in  cor- 
ner. 

Experiment  10.  Behavior  of  males  toward  female  of  different 
species.  Wherever  possible  a female  of  a related  or  similar  species 
was  put  into  a cage  with  the  male,  and  the  latter  allowed  to  touch 
her. 

The  results  indicate  that  in  the  Lycosidae  the  male  may  court 
upon  seeing  another  Lycosid,  but  stops  if  he  does  not  receive  the 
proper  stimulus  on  contact.  I11  the  Attidae  courting  always 
occurs  upon  sight,  but  is  discontinued,  when  the  male  comes  very 
close  to  the  strange  female.  This  is  in  agreement  with  Homann’s 
(1928)  findings. 

Experiment  11.  Reaction  of  males  to  contact  with  an  auto- 
tomized  leg  of  female.  For  this  experiment  a female  would  be 
induced  to  autotomize  a leg  when  it  was  grasped  near  the  proximal 
end  of  the  femnr.  Holding  the  trochanter  tightly  with  the  forceps, 
sufficient  pressure  was  exerted  to  extend  the  distal  segments.  The 
leg  was  moved  slowly  toward  the  male,  rubbed  lightly  against 
one  of  his  rear  legs  and  then  quickly  withdrawn.  This  was  repeated 
at  intervals. 

By  varying  the  point  of  stimulation  with  different  males  it  was 
found  that  they  gave  a positive  reaction  when  touched  on  the 
femur,  patella,  tibia,  and  metatarsus  of  any  of  the  four  pairs  of 
legs.  In  general,  however,  it  appears  that  the  first  pair  of  legs 
is  most  sensitive.  At  least,  the  males  always  attempted  to  tap  the 
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W <x> 

<D 

in  aj 

0;  1 — 1 

•53  g 

<4-1  m 

0 2 

.8  s 

0 <x> 

<d 

Tl  -+J 

Remarks 

CD  fl 

6 *0 

<d  <m 
U1  0 

1 1 

Pardosa 

2 

Pardosa 

milvina 

banksi 

1 

Courted  upon  seeing  fe- 
male. Stopped  when  he 
touched  her. 

11 

Pardosa 

saxatilis 

0 

The  males  all  ran  up  and 
touched  the  female,  then 
avoided  her. 

Pardosa 

1 

Lycosa 

emertoni 

3 

rabida 4 
Pardosa 

0 

The  male  avoided  her. 

banksi 

0 

The  female  was  recep- 
tive and  behaved  much 

as  toward  males  of  her 
own  species  but  the 
males  paid  little  atten- 
tion. 

Pardosa 

3 

Pardosa 

saxatilis 

milvina 

0 

One  male  made  some  ex- 
cited leg  movements 
when  he  saw  the  female 
but  stopped  after  touch- 
ing her. 

Lycosa 

1 

Lycosa 

rabida 

avara 

0 

Male  tried  to  touch  fe- 
male, but  she  kept  avoid- 
ing him. 

1 

Lycosa 

carolinensis 

0 

Male  tried  to  touch  fe- 
male, but  when  she 
chased  him  away  he 
avoided  her. 

1 

Schizocosa 

saltatrix 

0 

Male  watched  female 
walking  around,  then 
suddenly  seized  and  ate 
her. 
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1 

Species 
of  male 

No.  of 
used 

Species 
of  female 

No.  that 
courted 

Remarks 

Phidippus 

audax 

4 

1 

Phidippus 

t>runneus 

Phidippus 

purpuratus 

4 

1 

Males  courted  and  ap- 
proached to  about  2 cm. 
of  her,  then  stopped 
when  she  ran  away. 
They  did  not  follow. 

Similar  to  above. 

Phidippus 

purpuratus 

2 ' 

Phidippus 

audax 

2 

Similar  to  P.  audax. 

Xysticus 

triguttatus 

3 

Xysticus  sp. 

0 

The  males  retreated  im- 
mediately upon  coming 
in  contact  with  the 
female. 

stimulating  object  with  these  legs.  In  some  cases  the  posterior 
end  of  the  male’s  abdomen  was  stroked,  and  this  too  elicited  a 
courtship  response,  though  more  stimulation  was  needed.  It  was 
likewise  found  that  any  of  the  female’s  legs,  as  well  as  her  palpi, 
abdomen,  and  cephalothorax  were  able  to  stimulate,  in  decreasing 
strength  as  listed. 

In  a number  of  cases  the  female’s  leg  was  placed  on  the  floor 
near  the  male.  In  no  case  did  the  male  react  to  its  presence  even 
when  within  2 mm.  of  it.  However,  there  was  a marked  change  in 
behavior  if  they  happened  to  touch  it.  It  is  evident  that  whatever 
the  nature  of  the  stimulating  substance  coating  the  body  of  the 
female,  it  must  be  touched  by  the  male  before  he  responds. 

Experiment  12.  Reaction  of  males  to  contact  with  an  auto- 
tomized  leg  of  male.  The  procedure  here  was  the  same  as  in  experi- 
ment 11,  with  the  substitution  of  a male’s  leg  for  that  of  a female. 
Only  males  that  had  courted  in  the  above  experiment  were  tested  in 
this  one.  The  object,  of  course,  was  to  determine  whether  the 

4 This  was  a young  specimen  about  the  size  of  the  Pardosa. 
Although  it  lacks  the  very  long  leg  spines  it  resembles  P.  emertoni 
very  closely  in  general  coloration,  and  could  be  mistaken  for  one 
from  a distance. 
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Species 

No.  of 

A? 

used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Pardosa 

milvina  

26 

26 

26 

Very  vigorous  courting 

Parclosa 

mo  die  a 

25 

25 

17 

movements ; repeated 
whenever  touched  with  the 
female’s  leg.  Also  tapped 
it  with  their  forelegs. 

Similar  to  P.  milvina  but 

Pardosa 
emertoni  

5 

10 

0 

not  quite  as  vigorous. 

Ran  away  when  touched 

Pardosa 
saxatilis  

5 

5 

5 

with  the  female’s  leg. 
Similar  to  P.  milvina. 

Lycosa 
rabida  

4 

4 

4 

Also  tried  to  climb  up 
over  the  forceps  holding 
the  leg. 

Courtship  not  very  vigor- 

Lycosa 
helluo  

2 

2 

2 

ous. 

Courted  weakly  only  after 

Schizocosa 
eras sipes  

1 

1 

1 

about  5 minutes. 

Very  vigorous  courting 

Dolomedes 
script  us  

4 

4 

4 

movements. 

Males  behaved  exactly  as 

Phidippus 
clarus  

5 

10 

0 

though  a female  were 
present,  turning  after  a 2 
minute  interval. 

Males  tapped  female’s  leg 

Phidippus 
audax  

6 

12 

0 

gently. 

Similar  to  P.  clarus. 
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No.  of 

Species 

used 

No.  of 
tests 

No.  that 
courted 

Remarks 

Tibellus 

oblongus  

3 

3 

3 

Males  seized  the  leg  in 
their  chelicerae.  Then  re- 

leased it  and  proceeded  to 
vibrate  their  legs  and  palpi 
on  the  floor.  One  climbed 

up  over  the  forceps. 

Philodromus 

per  nix  

2 

2 

2 

Males  vibrated  their  first 
and  second  pairs  of  legs. 

Xysticus 

triguttatus 

3 

3 

0 

Males  tapped  the  female’s 
leg  gently. 

Coriarachne 

versicolor  ... 

9 

LJ 

2 

0 

Similar  to  X.  triguttatus . 

male’s  body  and  legs 

are  coated  with 

the  stimulating  substance, 

and  the  results  indicated  that  they  are  not. 

No.  of 

Species 

used 

No.  of 
tests 

No. that 
courted 

Remarks 

Pardosa 

milvina  

Pardosa 

26 

26 

0 

modica  

10 

10 

0 

Pardosa 

saxatilis  

Lycosa 

5 

5 

0 

rabida  

Lycosa 

3 

3 

0 

helluo  

Dolomedes 

1 

1 

0 

script  us  

Tibellus 

4 

4 

0 

oblongus  

Philodromus 

2 

2 

0 

per  nix  

1 

1 

1 

0 

1 

All  of  these  males  courted  when  touched  with  a female’s  leg 
afterwards. 
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Experiment  13.  Reaction  of  males  to  contact  with  an  auto- 
tomised  female  leg  which  had  been  washed  in  ether.  The  proximal 
encl  of  the  autotomized  leg  was  covered  over  with  warm  glycerin 
jelly.  When  this  cooled  and  solidified  the  entire  leg  was  given 
three  15  minute  baths  in  ether.  It  was  then  removed  and  allowed 
to  dry  before  the  males  were  tested. 


No. of 

No. of 
tests 

No.  that 
courted 

Species 

used 

Remarks 

Pardosa 

milvina  

15 

30 

0 

The  males  merely  tapped 
the  leg  and  moved  away. 

Pardosa 

modica  

Pardosa 

10 

15 

0 

Males  moved  away. 

saxatilis  

5 

5 

0 

Three  males  tapped  the 
leg  slowly  for  a few 
seconds  before  moving 

away. 

Lycosa 

rabida  

Schizocosa 

3 

4 

0 

eras sipes  

Dolomedes 

1 

1 

0 

script  us  

Tibellus 

4 

4 

0 

oblongus  

2 

2 

0 

Males  tapped  the  leg  slow- 
ly for  a few  seconds  then 
moved  away. 

The  males  were  touched  repeatedly  with  the  leg.  They  gave 
the  appearance  of  testing  it  with  their  investigatory  tapping. 
They  all  courted  afterwards  when  touched  with  a leg  not  subjected 
to  this  treatment.  Apparently  the  stimulating  substance  is  ether- 
soluble  and  when  lacking  from  the  leg,  contact  with  the  latter 
fails  to  incite  courtship. 

Experiment  14.  Reaction  of  males  to  contact  with  the  ether- 
soluble  substance  washed  from  the  female  leg.  The  ether  in 
which  the  leg  had  been  washed  was  poured  over  a glass  plate,  a 
little  at  a time,  and  the  plate  allowed  to  dry.  The  male  was 
induced  to  walk  over  this  plate  after  a control  test  on  a clean 
plate  of  the  same  kind. 
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Species 

No. of 

<?<? 

used 

No. of 
tests 

No.that 

courted 

Remarks 

Pardosa 
milvina  

17 

34 

0 

Males  tapped  plate  with 

Dolomedes 
scriptus  

4 

4 

4 

palps  and  legs,  then  walked 
around  slowly. 

After  6 min.  latent  period 

males  began  characteristic 
courtship  movements. 

The  D.  scriptus  males  were  tested  again  the  next  day  on  the  same 
plates.  Their  courting  movements  were  as  vigorous  as  the  day 
before.  Another  trial  with  the  same  plates  after  they  were  a 
week  old  gave  negative  results. 

Experiment  15.  Reaction  of  males  to  the  combined  stimuli  of 
contact  with  a female  leg  that  had  been  washed  in  ether  and  with 
the  ether-soluble  substance.  This  was  performed  with  Pardosa 
milvina  only.  The  males  were  first  tested  with  the  leg  alone, 
then  allowed  to  wTalk  over  the  plates.  The  results  were  negative 
as  in  experiments  13  and  14  respectively.  Then  while  the  male 
was  standing  on  the  plate  lie  was  touched  with  the  leg.  Of  10 
males  tested  4 responded  with  courting  movements  while  3 others 
moved  about  excitedly.  It  would  seem  then,  that  while  in 
Dolomedes  scriptus  contact  with  the  ether-soluble  substance  alone 
is  sufficient  to  elicit  courtship,  in  Pardosa  milvina  this  must  be 
combined  with  simultaneous  tactile  stimuli  from  the  female’s  leg. 

DISCUSSION  AND  CONCLUSIONS 

It  is  generally  believed  that  spiders  are  endowed  with  a well 
developed  sense  of  touch,  and  with  a sense  of  sight  that  may  be 
fairly  well  developed  or  not.  Concerning  other  senses  little  is 
known.  There  is  no  definite  proof  that  they  can  hear,  although 
controversies  have  raged  over  a number  of  different  organs  that 
might  possibly  subserve  this  function.  Concerning  the  chemical 
senses  of  taste  and  smell,  the  evidence  for  the  most  part  has  been 
more  or  less  uncertain  until  recently. 

Sense  of  Sight 

It  has  been  demonstrated  by  the  Peckhams  (1894),  Petrunke- 
vitch  (1907),  Homann  (1928),  Bonnet  (1933a),  and  Heil  (1936) 
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that  Attids  have  sufficient  acuity  of  vision  to  enable  them  to 
“recognize”  the  size  and  form  of  individuals  of  their  own  or 
similar  species,  and  that  apparently  this  is  sufficient  stimulus  to 
incite  the  male  to  courtship.  The  results  of  my  own  experiments 
with  individuals  belonging  to  three  species  of  Phidippus  tend  to 
corroborate  this.  Montgomery  (1910)  made  a statement  indicat- 
ing that  he  had  seen  some  Attids  court  only  after  having  touched 
the  female,  but  this  must  be  exceptional.  In  fact,  the  results  of 
experiments  6,  7,  and  11,  in  which  the  males  were  subjected  to 
contact  with  the  body  or  threads  of  the  female,  indicate  that  such 
stimuli  are  not  enough  to  elicit  the  courting  response.  Experi- 
mental evidence  of  another  kind  that  contact  stimuli  per  se  are 
insufficient  has  recently  also  been  offered  by  Heil.  Moreover,  I 
have  often  noticed  that  even  a male  that  is  not  blinded  appears 
unaware  of  a female’s  presence  if  he  is  facing  the  other  way.  He 
may  back  up  and  collide  with  her  and  still  not  court  until  he  has 
turned  around  to  face  her.  Bristowe  (1929)  believes  that  a male 
Atticl  can  detect  the  presence  of  the  female  before  seeing  her.  This 
may  be  so,  but  the  species  with  which  I worked  gave  no  good 
indication  of  this  “recognition”,  and  the  visual  stimulus  was 
essential  for  courtship  to  ensue. 

With  Lycosids  the  situation  is  quite  different.  In  the  first 
place  there  appears  to  be  a great  deal  of  variation  from  species  to 
species,  and  even  among  individuals  of  the  same  species.  Prom 
Montgomery’s  account  (1903)  and  the  results  of  experiment  4 it 
seems  certain  that  a male  Lycosa  rabida  can  “recognize”  a female 
of  his  own  species  by  sight,  and  will  court  without  first  coming  in 
contact  with  her.  Montgomery  did  not  find  this  to  be  the  case 
with  Pardosa  milvina,  but  it  has  been  shown  ( experiment  4)  that 
a small  proportion  of  the  males  of  this  species  are  stimulated 
sufficiently  to  court.  This  may  perhaps  depend  upon  the  past 
history  of  the  male,  i.e.,  the  length  of  time  he  has  been  kept  from 
a female,  (as  in  the  case  of  ^476).  In  Pardosa  emertoni  and 
Lycosa  helluo  the  sight  alone  of  a female  appears  to  be  insufficient 
stimulus  for  the  male  to  start  his  courtship.  Whether  he 
“recognizes”  her  or  not  is  another  question.  Homann  (1931) 
believed  not,  though  he  admitted  that  the  male  may  use  this  sense 
to  find  the  female,  if  she  is  moving.  However,  it  seems  to  me  that 
one  must  assume,  as  he  has  (1928)  for  Attids,  that  in  some  species 
the  male  can  recognize  the  Lycosid  form.  This  then  would  account 
for  the  records  of  males  courting  males,  or  females  and  males  of  a 
different  species.  In  those  species  in  which  the  male  does  not 
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court  upon  merely  seeing  the  female,  it  may  mean  that  either  he 
has  too  low  an  acnity  of  vision  and  hence  cannot  recognize  her,  or 
that  this  recognition  is  insufficient  stimulus  to  incite  courtship. 
There  may  be  a threshold  value  which  constitutes  a link  in  the 
chain  of  instinctive  reactions.  If  this  threshold  is  not  attained 
courtship  does  not  ensue.  But  if  the  visual  stimulus  is  combined 
with  another,  such  as  touch,  there  will  be  a summation,  the  effect 
of  which  will  bring  about  the  response  in  question.  This  is 
apparently  the  case  in  Pardosa  emertoni  where  the  male  will  not 
court  when  he  can  merely  see  the  female,  or  merely  touch  her  (as 
when  he  is  blinded,  or  when  stimulated  with  an  autotomized 
female  leg),  but  will  court  when  he  can  both  see  and  touch  her. 
This  state  of  affairs  may  be  correlated  with  the  kind  of  normal 
foreplay  in  this  species,  the  male  not  pursuing  the  female  ardently, 
but  often  waiting  for  her  to  approach  and  touch  him. 

I11  the  Pisauridae  and  Thomisidae  sight  appears  to  play  little 
or  no  role  in  inciting  courtship.  However,  as  with  the  Lycosids, 
the  male  Dolomedes  scriptus  may  use  his  sense  of  sight  to  find  the 
female,  but  does  not  court  until  he  has  touched  her.  In  the 
Oxyopidae,  a family  very  closely  related  to  the  Pisauridae  and 
Lycosidae,  the  only  observations  we  have  are  those  of  Gerhardt 
(1927,  1933)  on  two  species  of  Oxyopes,  in  which,  apparently,  the 
visual  stimulus  is  sufficient  to  incite  courtship. 

The  results  of  experiments  with  blinded  males  indicate  that 
the  sense  of  sight  may  play  a greater  part  than  is  here  supposed. 
I refer  to  the  fact  that  there  is  often  a long  latent  period  before 
courtship  begins,  though  when  the  male  is  touched  with  an  auto- 
tomized female  leg  this  period  is  very  much  reduced  or  even 
absent.  Might  the  explanation  for  this  lie  in  the  fact  that  males 
of  diurnal  species  court  only  in  the  light,  so  that  there  is  a certain 
amount  of  “reluctance”  on  the  part  of  the  blinded  male  that  has 
to  be  overcome  before  he  will  begin  to  court  while  “in  the  dark”? 

Sense  of  Touch 

It  is  probably  safe  to  assume  that  the  tactile  sense  is  the  most 
highly  developed  one  in  spiders  and  plays  the  greatest  role  in  the 
behavior  of  the  largest  number  of  species.  I11  some  spiders  the 
evidence  suggests  that  this  sense  alone  may  be  sufficient  to  elicit 
courtship  on  the  part  of  the  male.  Montgomery  (1903,  1910)  held 
that  it  was  the  only  decisive  sense  used  by  all  species.  Gerhardt 
(1924d)  was  the  first  to  suggest  that  this  sense  could  be  combined 
with  a chemical  sense  and  Meyer’s  (1928)  observations  support 
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this  view,  although  he  interpreted  his  results  to  mean  that  the  male 
perceived  the  female  through  a sense  of  smell.  Bartels  (1930) 
has  already  pointed  out  Meyer’s  error,  for  the  latter  failed  to  take 
into  consideration  the  fact  that  the  male  had  to  touch  the  female, 
or  her  web,  before  there  was  any  sign  that  a stimulus  had  been 
perceived. 

The  results  of  experiments  11  and  12,  with  autotomized  legs 
of  females  and  males  respectively,  indicate  that  the  male  is  able  to 
distinguish  the  sex  of  the  individual  from  which  the  leg  was 
obtained.  A fine  sense  of  touch  may  also  permit  him  to  distinguish 
individuals  of  his  own  species  from  those  of  others.  However, 
the  ability  to  distinguish  members  of  the  opposite  sex,  or  even  of 
their  own  species,  by  touch,  does  not  appear  to  be  common  to  all 
spiders.  Porter  (1906)  showed  that  the  males  of  various  Epeirids 
often  made  mistakes  and  got  on  to  the  webs  of  males,  or  females 
of  another  species.  According  to  Locket  (1927),  though  the  males 
often  make  mistakes  the  females  of  some  Theridiids  can  distinguish 
their  own  males  from  those  of  closely  related  species,  presumably 
by  detecting  the  differences  in  the  manner  of  movement  of  the 
male  on  the  web.  Holzapfel  (1935)  demonstrated  that  whereas 
the  male  of  Agelena  labyrinthica  (Cl.)  could  not  distinguish  the 
female  by  touch  alone,  the  female  could  distinguish  the  male. 
Gerhardt  (1928)  reported  instances  of  cross  copulation  between 
two  species  of  Eresus,  and  Bonnet  (1930)  showed  that  males  of 
Dolomedes  plantarius  were  excited  by,  and  attempted  to  copulate 
with,  females  of  D.  fimbriatus.  The  females,  on  the  other  hand, 
were  able,  immediately  upon  contact,  to  distinguish  the  two  species 
and  accepted  only  their  own  males.  By  putting  females  of 
plantarius  under  anaesthesia  Bonnet  (1933b)  obtained  two  cases 
of  cross  copulation  with  males  of  fimbriatus. 

A critical  examination  of  a series  of  legs  belonging  to  both 
sexes  of  the  species  used  failed  to  reveal  any  differences  in  the 
structure  or  arrangement  of  the  hairs  or  spines.  This  suggests 
that  the  sex  of  the  individual  is  distinguished  by  some  other  means 
than  purely  tactile,  and  I believe  this  mode  of  recognition  by 
contact  to  be  a chemical  one.  Presumably  then,  the  substance 
secreted  by  a female  which  stimulates  males  to  court  is  not 
possessed  by  males.  Yet  we  have  seen  that  occasionally  a male 
will  court  another  male  ( experiment  1 ) even  after  they  have  come 
in  contact.  This  occurred  with  Pardosa  modica  (c?304  and  ^306) 
and  P.  saxatilis  (lCf51).  The  males  of  these  two  species  may  court 
upon  seeing  another  individual  of  their  own  species,  but  usually 
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cease  if  they  discover  on  contact  that  the  object  of  their  attentions 
is  a male.  The  above  three  apparently  remained  excited  and 
continued  courting  for  a short  time.  In  their  cases  I think  it 
must  be  assumed  that  the  combined  stimuli  of  sight  and  touch 
(which  are  presumably  identical  with  those  from  the  female) 
served  to  counterbalance  the  fact  that  the  proper  chemical 
stimulus  was  not  forthcoming.  That  touch  alone  is  not  sufficient 
is  indicated  by  the  fact  that  these  same  males  did  not  court  when 
touched  with  an  autotomized  male  leg.  On  the  other  hand,  it 
may  be  that  sight  alone  was  all  that  was  necessary  to  counter- 
balance the  lack  of  the  chemical  stimulus,  and  touch  has  no  effect; 
but  I prefer  the  first  alternative. 

Distance  Chemoperception 

The  question  as  to  which  sense  is  involved  in  perceiving  a 
chemical  substance  is  often  a difficult  one  to  answer,  (see  Parker 
and  Crozier,  1929).  Marshall  (1935),  reviewing  the  subject  of 
olfaction  in  insects,  does  not  believe  there  can  be  a rigid  barrier 
between  the  concepts  of  taste  and  olfaction.  Omitting  from  dis- 
cussion those  substances  which  are  irritants  and  give  rise  to 
sensations  of  pain,  we  may  assume  for  the  purposes  of  this  study 
that  those  substances  which  are  volatile  and  hence  can  exist  as 
minute  gaseous  particles  may  be  perceived  from  a distance  as 
‘ ‘odors,”  i.e.,  they  are  smelled.  They  may  also  be  perceived  by 
direct  contact.  Those  substances  which  are  not  volatile  or  can  be 
perceived  only  by  actual  contact  are  “tasted”.  They  cannot  be 
perceived  at  a distance. 

The  results  of  Savory’s  (1934)  experiments  indicate  that  a 
male  Lycosid  may  possibly  detect  odors  emanating  from  a female, 
but  this  appears  insufficient  to  incite  courtship.  Peters  (1931) 
obtained  evidence  to  support  the  contention  of  zur  Strassen  (1908) 
that  wasps  can  be  differentiated  from  other  insects  by  a sense  of 
smell.  Heil  (1936),  however,  seems  to  doubt  this.  Most  workers 
have  assumed  that  spiders  possess  a sense  of  smell  from  the  results 
of  experiments  such  as  those  performed  by  Dahl  (1885),  G.  and  B. 
Peckham  (1887),  Pritchett  (1904),  Mclndoo  (1911),  Hewitt 
(1917),  Meyer  (1928),  and  Blumenthal  (1935).  In  these  experi- 
ments essential  oils  and  other  repellent  substances  were  used.  As 
pointed  out  by  Petrunkevitch  (1907),  zur  Strassen  (1908),  Bartels 
(1930),  and  Heil  (1936),  experiments  with  these  substances  do  not 
tell  us  about  the  sense  of  smell.  They  are  generally  foreign  to  the 
normal  environment  of  the  spider,  and  furthermore  may  affect 
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various  non-olfactory  sensilla.  Many  erroneous  conclusions  may 
be  reached  through  a failure  to  consider  this  point.  Saito  (1931) 
even  went  so  far  as  to  conclude  that  the  sense  of  smell  was  well 
developed  because  at  a distance  of  1.5  meters  the  spiders  avoided 
the  odor  of  formalin,  chloroform,  ammonia,  and  the  smoke  of 
tobacco!  Hingston  (1920)  had  come  to  the  opposite  conclusion 
because  spiders  of  the  same  genus  (Araneus)  ate  flies  which  had 
been  soaked  in  camphor ! 

Experiments  with  strong  smelling  bugs  (Pentatomidae)  were 
performed  by  Mclndoo  (1911),  Rabaud  (1921),  Baltzer  (1923), 
and  Meyer  (1928),  all  of  whom  reported  that  the  spiders  avoided 
the  bugs,  or  deserted  them  if  they  had  already  started  wrapping 
them  up.  However,  Bilsing  (1920),  Bartels  (1930),  and  Peters 
(1931)  have  shown  that  bugs  are  not  disdained. 

I performed  some  experiments  with  essential  oils  similar  to 
those  of  Mclndoo,  and  got  essentially  the  same  results.  I also 
performed  some  similar  to  those  of  Hewitt  and  of  Blnmenthal,  i.e., 
holding  a glass  rod  carrying  a small  drop  of  oil  near  to  the  legs 
of  the  spiders.  With  42  Lycosids,  30  Attids,  and  12  Thomisids 
little  difference  in  sensitivity  could  be  found  between  the  various 
legs,  or  between  males  and  females,  mature  and  immature. 
Furthermore,  cutting  off  the  tips  of  the  tarsi,  or  even  all  the  tarsi 
and  distal  ends  of  the  metatarsi,  failed  to  affect  the  average 
reaction  time,  for  although  some  responded  more  slowly  than  the 
normal  (as  previously  determined),  a great  many  responded  more 
quickly.  These  results  agree  with  those  obtained  by  Pritchett,  but 
not  with  Hewitt’s  or  Blumenthal’s.  Hewitt  reported  the  females 
altogether  insensitive,  and  both  he  and  Blumenthal  reported  the 
males  unable  to  respond  when  the  oil  was  brought  near  to  a leg 
of  wdiich  the  tarsus  was  amputated. 

Bristowe  and  Locket  (1926)  repeated  Hewitt’s  experiments 
with  similar  results.  They  admitted  the  difficulties  in  the  latter’s 
suggestion  that  the  scopular  hairs  constitute  the  organ  of  smell, 
yet  felt  that  * 'there  is  a certain  amount  of  evidence  for  it,  or  at 
any  rate,  for  the  sense  [of  smell]  being  largely  localized  in  the 
tips  of  the  legs,  and  the  upper  surface  of  the  palps.”  They  had 
observed  males  tapping  the  floor  over  which  a female  had  walked 
and  concluded  that  he  was  perceiving  her  through  his  sense  of 
smell,  “a  sense  of  smell  by  touch — in  fact,  rather  akin  to  taste.” 

Mclndoo  had  covered  most  of  the  large  lyriform  organs  with 
vaseline  and  found  that  the  spiders’  reaction  times  to  essential  oils 
were  very  much  retarded.  He  therefore  concluded  that  these 
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organs  were  olfactory.  I repeated  this  experiment  with  similar 
results.  However,  it  does  not  necessarily  follow  that  these  organs 
are  normally  olfactory,  although  from  a consideration  of  their 
structure  it  has  been  suggested  that  they  are  chemoreceptors 
(Kaston,  1935).  Marshall  (1935,  p.  65)  remarks,  “it  is  possible 
that  the  contact  chemoreceptors  on  the  body  may  be  able  to  per- 
ceive exceptionally  strong  odors  [such  as  from  essential  oils] . This 
perception  because  of  its  abnormality  cannot  be  regarded  as  a true 
expression  of  the  functions  of  such  organs.”  The  possibility  that 
the  lyriform  organs  are  contact  chemoreceptors  has  not  been  ex- 
cluded, and  from  the  results  of  experiments  11  to  13,  to  be  discussed 
below,  this  a likely  conclusion.  May  not  the  results  of  Blumen- 
thal’s  experiments  on  the  “tarsalorgan”  be  similarly  explained? 

Bristowe  has  made  numerous  assumptions  that  males  of  vari- 
ous species  perceive  the  females  by  means  of  a sense  of  smell.  In 
practically  every  case,  he  has,  unfortunately,  disregarded  the  possi- 
bility of  the  tactile  sense  functioning.  He  gives  an  account  of  a 
male  Trochosa  picta  who  enters  a female’s  “burrow  and  takes  pos- 
session of  it,  . . . Her  scent  must  be  very  strong  here,  and,  trusting 
to  his  sense  of  smell  rather  than  to  his  eyesight  he  explores  it  care- 
fully. ” Further,  “A  male  Heliophanus  ftavipes,  placed  in  a box 
which  contained  a female  enclosed  in  a dense  silken  cell,  became 
very  excited  on  feeling  her  web.”  Kolosvary  (1929)  falling  into 
the  same  error  assumed  that  a Trochosa  singoriensis  found  its  way 
back  to  its  burrow  by  means  of  a sense  of  smell. 

Berland  (1923,  1927)  has  observed  Attid  males  making  peculiar 
movements,  and  in  several  species  even  going  through  courtship 
dances,  while  alone  in  perfectly  clean  cages  that  had  never  held  any 
females.  He  attributed  this  to  external  manifestations  of  the  great 
physiological  activity  with  which  the  males  are  endowed  during  the 
mating  season.  Based  apparently  on  a case  of  Locket’s  where  a 
male  Lycosid  took  up  a courting  attitude  after  crossing  the  tracks 
of  another  male,  Bristowe  explained  Berland ’s  observation  by  sup- 
posing that  the  male  may  have  been  stimulated  by  his  own  scent. 
On  the  other  hand,  the  results  of  my  experiments  7 and  8 indicate 
that  the  males  can  distinguish  threads  of  a female  from  those  of  a 
male,  and  that  the  latter  do  not  elicit  the  courting  response.  As 
for  Bristowe ’s  mutilation  experiment  in  which  the  male  Lycosid 
did  not  court  when  dropped  into  an  untenanted  box  of  a female,  it 
is  very  possible  that  an  operation  as  serious  as  he  performed  would 
be  quite  sufficient  to  dampen  the  ardor  of  even  the  most  active.  A 
male  is  not  so  likely  to  be  in  a courting  “mood”  with  the  tips  of 
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all  his  tarsi  severed.  A considerable  amount  of  stimulation  may  be 
needed  so  that  even  the  advances  of  the  friendliest  female  might 
not  elicit  courtship. 

Berland  (1914)  thought  that  the  male  of  Philaeus  chrysops 
makes  use  of  a sense  of  smell  in  locating  the  female  or  in  regaining 
her  if  he  loses  her  momentarily.  But  I think  the  example  he  cites 
easily  admits  of  other  senses  coming  into  play.  I have  made  numer- 
ous observations  similar  to  his  and  in  no  case  have  I seen  behavior 
indicating  that  a sense  of  smell  is  used.  This  is  especially  obvious 
when  the  males  are  blinded  as  in  experiment  6.  Bonnet  (1924) 
reports  that  in  Dolomedes  plantarius  if  the  female  moves  away  the 
male  follows  by  her  trail  of  threads.  In  some  Lycosids,  as  observed, 
for  example,  by  Osterloh,  and  by  myself,  the  male  gropes  for  the 
female  with  his  forelegs,  being  apparently  unable  even  to  follow 
the  dragline  she  has  trailed  behind  her. 

Contact  Chemoperception 

Although  we  have  come  to  associate  “taste”  with  receptor 
organs  around  or  in  the  mouth,  or  elsewhere,  that  have  to  do  with 
food  finding,  or  feeding,  those  organs  which  function  in  perceiving 
the  chemical  nature  of  a substance  not  associated  with  food,  by 
coming  in  contact  with  that  substance  are,  strictly  speaking,  also 
organs  of  taste  (see  p.  146).  A more  inclusive  term  for  such  organs 
would  be  “tacto-chemoreceptors.” 

That  spiders  can  taste  food  with  the  aid  of  chemoreceptors  on 
the  legs  has  been  shown  by  Rabaud  (1921),  Baltzer  (1923),  Blu- 
menthal  (1935),  and  Heil  (1936).  Henking  (1890)  demonstrated 
that  a contact  chemical  sense  was  employed  by  a female  Lycosid  in 
distinguishing  old  egg  cocoons  from  new.  This  same  sense  can  be 
used  to  distinguish  live  flies  from  those  recently  killed  by  heat, 
according  to  zur  Strassen  (1908)  and  Heil  (1936).  Most  other 
workers  who  have  recorded  observations  which  they  thought  showed 
the  possession  of  a sense  of  smell  have  really  contributed  circum- 
stantial evidence  of  contact  chemoperception. 

The  observations  of  Hewitt,  Gerhardt  (1924d),  Locket  (1926), 
Bristowe  and  Locket,  and  Mteyer,  previously  mentioned,  besides 
my  own  ( experiment  7),  indicate  that  in  many  species  the  male  will 
court  after  coming  in  contact  with  the  threads  of  a female.  This  is 
evidently  a species  peculiarity,  for  of  the  8 species  of  Lycosidae 
tested  by  me  only  4 species  courted.  Whether  this  is  a matter  of 
purely  tactile  stimulation,  as  supposed  by  Hewitt ; or  purely  chemi- 
cal, as  supposed  by  Bristowe,  and  by  Meyer,  (both  of  whom  thought 
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it  was  olfactory)  ; or  a combination  of  the  two,  as  suggested  by 
Gerhardt,  is  open  to  question.  It  has  been  shown  (in  experiment 
8)  that  males  can  distinguish  threads  produced  by  a male  from 
those  produced  by  a female.  From  the  results  of  this  and  other 
experiments  to  be  discussed  later,  I am  inclined  to  believe,  with 
Gerhardt,  that  both  tactile  and  chemical  stimuli  can  be  involved. 

Since  in  experiment  9 where  the  spinnerets  of  the  females  were 
collodionized  I could  observe  no  courtship  on  the  part  of  the  males 
I must  conclude  with  Locket  (1926)  that  the  source  of  the  stimulus 
“is  intimately  connected  with  the  threads  of  the  female,”  and  can- 
not agree  with  the  earlier  assumption  of  his  and  Bristowe  that  the 
threads  have  nothing  to  do  with  it,  and  that  the  “detection  was 
effected  by  means  of  his  scent  organs.” 

The  results  of  experiments  11  and  13  with  the  autotomized  legs 
of  females  indicated  that  some  change  was  brought  about  by  wash- 
ing the  legs  in  ether,  so  that  they  no  longer  possessed  the  power  to 
incite  courtship.  It  would  appear  from  experiments  14  and  15  that 
this  change  was  nothing  more  than  the  removal  from  the  outside  of 
the  leg  of  an  ether-soluble  substance  which  acts  as  a stimulus  for 
courtship  when  perceived  by  the  chemoreceptors  of  the  male.  In 
Dolomedes  scriptus,  at  least,  the  perception  of  such  a chemical 
stimulus  alone  is  sufficient  to  elicit  courtship.  In  Pardosa  milvina 
the  chemical  stimulus  is  not  sufficient  in  itself,  but  must  be  com- 
bined with  a simultaneous  tactile  stimulus.  Males  of  P.  saxatilis, 
Lycosa  rabida,  and  Schizocosa  crassipes  could  unfortunately  no 
longer  be  obtained  for  testing  in  experiments  14  and  15,  but  since 
courtship  had  been  elicited  when  they  came  in  contact  with  the 
threads  or  autotomized  legs  of  females,  it  is  highly  probable  that 
with  them,  as  in  Pardosa  milvina,  combined  chemical  and  tactile 
stimuli  are  required.  This  is  somewhat  analogous  to  the  situation 
in  P.  emertoni  (p.  144)  where  the  male  has  to  receive  visual  stimuli 
as  well  as  those  from  contact  with  the  female. 

The  stimulating  substance  seems  to  be  present  over  most  of  the 
female’s  body,  though  several  tests  have  shown  that  her  legs  are 
most  stimulating,  her  abdomen  next,  and  her  cephalothorax  least. 
It  seems  also  to  be  produced  by  immature  individuals  of  both  sexes. 
Apparently  when  the  male  is  mature  the  substance  has  entirely  dis- 
appeared. It  may  be  that  coincident  with  the  ripening  of  the 
sperm,  which  occurs  during  the  penultimate  instar,  the  substance 
is  no  longer  produced.  Meyer  concluded  that  only  the  mature 
females  secreted  the  substance  in  Aranea  diademata,  and  Berland 
(1932)  suggested  that  this  attracting  fluid  was  emitted  only  by  the 
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freshly  matured,  but  not  by  immature  or  gravid  females.  How- 
ever, there  are  too  many  accounts  of  males  being  attracted  and 
stimulated  by  both  immature  and  gravid  females,  including  earlier 
observations  of  Berland  himself  (1912,  1914)  . 

Males  may  court  when  touched  with  a female  leg  that  had  been 
autotomized  2 or  3 days  before,  but  after  that  time  the  stimulating 
power  is  lost.  Those  males  that  court  in  cages  from  which  the 
female  has  just  been  removed  will  not  court  in  these  same  cages 
after  the  threads  in  the  latter  have  been  exposed  to  the  air  for  two 
days.  Tests  with  the  exuviae  of  newly  matured  females  showed 
that  while  the  males  courted  at  first,  they  did  not  respond  3 days 
later.  It  is  unlikely  that  the  tactile  stimulus  from  the  autotomized 
leg,  threads,  or  exuviae  had  been  any  different.  Apparently  the 
proper  chemical  stimulus  was  not  there,  indicating  that  the  sub- 
stance changes  its  composition  with  time,  for  from  the  results  of 
other  experiments  I rather  doubt  that  it  is  volatile.  This  seems  to 
me  another  good  piece  of  evidence  that  the  tactile  sense  is  combined 
with  a chemical  one.  If  the  chemical  is  lacking  the  male  does  not 
court. 

Tests  with  the  crushed  internal  organs  of  the  cephalothorax  and 
abdomen  of  the  female  (in  Pardosa  milvina)  failed  to  elicit  a court- 
ing response,  but  whether  this  is  due  to  a lack  of  the  proper  sub- 
stance, or  of  the  proper  tactile  stimulus,  or  to  the  presence  of  other 
substances  of  the  tissues  remains  questionable.  The  same  can  be 
said  concerning  the  fact  that  the  males  never  showed  signs  of  per- 
ceiving a stimulus  when  they  encountered  freshly  voided  feces  of  a 
female. 

The  results  of  numerous  tests  indicate  that  the  chemoreceptors 
are  not  limited  to  the  tarsi  of  the  legs  and  palps,  for  stimulation 
against  the  other  leg  segments  or  the  posterior  part  of  the  male’s 
abdomen  will  elicit  a courting  response.  It  is  true  that  the  male 
generally  turns  around  and  tries  to  touch  the  female’s  leg  (or  ab- 
domen) with  his  forelegs,  but  courtship  movements  may  begin  with- 
out his  doing  so. 

There  are  two  kinds  of  organs  adapted  for  chemoperception  in 
spiders.  The  ‘ ‘tarsal  organ,”  extensively  investigated  by  Blumen- 
thal  (1935),  and  which  he  showed  to  be  of  primary  importance  in 
tasting  food,  may  perhaps  function  here  also.  But  in  addition  to 
this  organ  the  tarsi  are  provided  with  many  slit  organs  (sensilla 
tomosa)  whose  distribution  on  the  tarsi,  as  well  as  elsewhere  over 
the  body,  make  it  highly  probable,  as  already  suggested  (Kaston, 
1935),  that  they  are  the  organs  concerned  in  contact  chemopercep- 
tion. 
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SUMMARY 

(1)  a.  The  mating  behavior  (including  copulation)  is  described 
for  the  first  time  in  the  following  species : Pardosa  modica,  P.  emer- 
toni,  P.  saxatilis,  P.  lapidicina,  Lycosa  helluo,  L.  gidosa , Dolomedes 
scriptus,  Phidippus  clarus,  P.  audax,  Philodromus  pernix,  and 
Coriarachne  versicolor. 

b.  The  courtship  only  is  described  for  the  first  time  in  Phi- 
dippus purpuratus. 

c.  In  Lycosa  rabida  and  Pardosa  milvina  new  data  concerning 
the  copulation,  and  in  Schizocosa  crassipes  new  data  concerning 
courtship,  are  added  to  what  is  already  available  from  Mont- 
gomery’s work. 

d.  In  Tibellus  oblongus  and  Xysticus  triguttatus  new  data  are 
added  to  the  accounts  of  Gerliardt,  and  of  Emerton,  respectively. 

(2)  a.  On  the  basis  of  a large  number  of  observations  and  ex- 
periments with  the  males  of  19  species  from  4 families  of  vagabond 
spiders,  it  is  pointed  out  that  the  senses  involved  in  courtship  may 
vary  with  the  species. 

b.  There  is  no  evidence  that  a sense  of  smell  is  used  in  sex  recog- 
nition by  any  spiders.  At  least  this  sense  plays  no  part  in  initiat- 
ing courtship  activity  in  the  male. 

c.  There  is  no  evidence  that  Attid  males  can  ‘ ‘recognize”  the 
females  by  any  sense  other  than  sight.  At  any  rate,  it  appears  that 
the  visual  stimulus  is  the  only  one  that  suffices  to  incite  courtship 
in  this  family. 

d.  In  one  Lycosid  observed,  Pardosa  emertoni,  the  courtship 
behavior  is  elicited  only  when  the  male  can  both  see  and  touch  the 
female. 

e.  In  the  Pisaurid,  Dolomedes  scriptus,  the  sole  stimulus  for 
courtship  is  the  chemoperception  by  contact  of  an  ether-soluble  sub- 
stance normally  covering  the  cuticle  of  the  female. 

/.  In  the  Lycosid,  Pardosa  milvina,  the  chemoperception  by  con- 
tact of  an  ether-soluble  substance  normally  covering  the  cuticle  of 
the  female,  together  with  the  simultaneous  perception  of  tactile 
stimuli  will  elicit  courtship.  This  probably  holds  for  P.  saxatilis, 
Lycosa  rabida,  Schizocosa  crassipes,  and  perhaps  for  Pardosa 
modica.  Moreover,  the  sight  of  a moving  Lycosid  of  about  their 
own  size  may,  in  some  cases,  be  sufficient  for  these  males  to  start 
courting. 

g.  In  the  Lycosids,  Pardosa  banksi,  and  probably  Lycosa  gidosa 
and  L.  helluo,  only  the  simultaneous  perception  of  both  tactile  and 
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tacto-chemical  stimuli  suffices.  Visual  stimuli  play  no  part  in 
eliciting  courtship. 

h.  The  condition  in  the  Thomisids  is  in  all  probability  similar 
to  that  in  the  preceding  group  of  Lycosids. 

(3)  a.  In  the  case  of  those  species  in  which  contact  chemoper- 
ception  occurs  it  is  shown  that  perception  is  not  limited  to  the  tarsi. 
Such  stimuli  can  be  perceived  on  all  the  segments  of  the  legs  as  well 
as  on  the  abdomen.  From  the  known  distribution  of  the  slit  sense 
organs  it  is  probable  that  they  are  the  chemoreceptors  involved  in 
courtship. 
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EXPLANATION  OF  PLATES 


The  figures  all  represent  courtship  and  copulation  positions. 


Fig. 


Plate  YI 

1.  Pardosa  milvina. 

2.  Pardosa  milvina.  The  dotted 
elevation  of  foreleg  and  palp. 

3.  Phidippus  clarus. 

4.  Pardosa  milvina. 

5.  Pardosa  emertoni. 

6.  Phidippus  audax. 


outlines  show  maximum 
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Plate  VII 


Fig.  7. 
8. 
9. 
10. 
11. 
12. 


Pardosa  modica. 
Schizocosa  crassipes. 
Pardosa  modica. 
Pardosa  saxatilis. 
Schizocosa  crassipes. 
Dolomedes  scriptus. 
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Plate  VIII 


Fig.  13 

Dolomedes  scriptus. 

14. 

Phidippus  purpuratus. 

15. 

Phidippus  clarus. 

16. 

Phidippus  purpuratus. 

17. 

Tibellus  oblong  us. 

18. 

Xysticus  triguttatus. 

In  figures  13,  15,  17,  and  18,  which  are  semi-schematic,  the  male  is 
represented  in  solid  black,  and  the  female  in  outline. 
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Plate  IX 

Fig.  19.  Lycosa  rabida.  The  forelegs  are  in  the  position  assumed 
while  the  palps  are  being  vibrated. 

20.  Lycosa  rabida.  Left  foreleg  raised  just  before  its  extension. 

21.  Lycosa  rabida.  In  copula.  The  male  is  to  the  left,  and 
is  applying  left  palp,  indicated  by  arrow,  to  female’s 
epigynnm. 

22.  Lycosa  rabida.  The  male  is  using  right  palp,  (not 
visible).  Note  spines  erected  on  hind  legs.  (Hema- 
todocha  of  palp  is  distended.) 

Phidippus  clams.  Male  on  the  right. 


23. 
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PHYLOGENY  OF  SOME  EURYTOMID  GENERA*  t 

By  Robert  E.  Bugbee 

INDIANA  UNIVERSITY 

Introduction.* 1  Previous  studies  on  the  family  Eurytomidae  have 
failed  to  show  the  relationships  of  the  various  groups,  and  the 
biology  of  these  insects,  except  for  some  of  the  economically  impor- 
tant plant-feeders,  is  only  incompletely  known.  The  group,  how- 
ever, presents  such  a variety  of  biologic  phenomena  that  it  would 
seem  that  a study  of  these  might  lead  to  interesting  and  instructive 
correlations  which  would  indicate  relationships  and  evolutionary 
trends. 

The  family  Eurytomidae  belongs  to  the  suborder  Chalcidoidea 
or  parasitic  wasps.  Ashmead  (1904)  divided  the  family  into  five 
tribes,  Aximini,  Isosomini  (including  the  genus  now  called  Harmo- 
lita),2  Eurytomini,  Decatomini  and  Rileyini,  the  last  four  of  which 

The  data,  presented  in  this  paper,  have  been  based  on  the  study 
of  eight  sources : the  structure  of  the  female  genital  armature,  the 
segmentation  of  the  abdomen,  the  shape  and  size  of  the  thorax,  the 
male  and  the  female  antenna,  the  host  relations,  the  length  of  the 
petiole,  and  the  amount  of  the  lateral  compression  of  the  abdomen. 

* Submitted  in  partial  fulfillment  of  the  requirements  for  the 
degree  of  Doctor  of  Philosophy  in  the  Graduate  School  of  Indiana 
University  1936. 

f Contribution  from  the  Department  of  Zoology,  Indiana  Uni- 
versity, No.  253  (Entomological  Series  No.  14). 

1 1 wish  to  express  my  gratitude  to  Dr.  Fernandus  Payne,  Dr.  Will 
Scott,  Dr.  Alfred  C.  Kinsey,  Dr.  Theodore  W.  Torrey  and  Dr. 
Robert  Kroc,  of  the  Department  of  Zoology,  Indiana  University, 
for  valuable  suggestions  and  encouragement  during  the  preparation 
of  this  material.  To  Dr.  Kinsey  I am  indebted  for  several  oppor- 
tunities to  make  extensive  field  collections  and  for  his  aid  in  the 
interpretations  of  the  data.  Several  valuable  collections  were 
received  from  J.  H.  Bigger,  Field  Entomologist  for  the  State 
Natural  History  Survey  Division  of  the  State  of  Illinois. 

2 The  tribe  Isosomini  formerly  took  its  name  from  its  most  abun- 
dant and  wide-spread  genus,  Isosoma  Walker  (1832).  In  1919,  how- 
ever, Phillips  and  Emery  established  the  new  name  Harmolita  Mot- 
schulsky  (1863)  for  Isosoma  when  they  showed  that  Isosoma  Walker 
was  preoccupied  by  the  Coleopterous  genus  Isosoma  Billberg  (1820), 
are  studied  in  this  paper. 
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In  the  tribe  Isosomini  I have  studied  material  of  the  genus  Har- 
molita;  in  the  Eurytomini,  material  of  Eurytomocharis,  Evoxysoma, 
Bruchophagus , Eurytoma,  Prodecatoma  and  Decatomidea;  in  the 
Decatomini  material  of  Decat  oma  which  is  the  only  genus  of  the 
tribe  in  the  United  States ; and  in  Rileyini  material  of  Macrorileya 
and  Eileya.  Until  we  can  make  systematic  studies  of  all  the  species 
in  each  of  these  genera  we  can  draw  only  general  conclusions  as  to 
the  evolutionary  trends  within  the  four  tribes. 

Our  eurytomid  material  for  this  study  has  come  from  the  Kinsey 
collection  of  Cynipidae  gathered  from  all  parts  of  the  United  States 
and  Mexico,  and  from  my  own  collections  made  in  the  following 
states : New  York,  Pennsylvania,  Ohio,  Indiana,  Kentucky,  Ten- 
nessee, Louisiana,  Mississippi  and  Arkansas.  Between  27,000  and 
30,000  insects  have  been  mounted  and  made  available  for  study. 
Probably  an  equal  amount  remains  unmounted.  Eurytoma,  Deca- 
toma  and  Harmolita  are  represented  by  many  specimens.  Of 
Bruchophagus,  Eurytomocharis,  Prodecatoma,  Decatomidea  and 
Evoxysoma  we  have  fewer  species.  Eileya  and  Macrorileya  are  diffi- 
cult to  secure  and  to  breed,  and  fewer  than  a dozen  individuals  of 
each  genus  have  been  studied. 

Most  of  this  study  has  been  based  on  females  (Text  figure  1), 
because  in  many  cases  males  are  rare  or  are  not  found  at  all.  When 
male  structures  have  been  used  they  are  designated. 


The  drawings  in  this  study  have  been  made  as  though  all  species 
were  of  the  same  absolute  length  so  that  comparisons  of  proportions 
may  be  made  directly  from  the  drawings. 

Phylogenetic  Data 

FEMALE  GENITALIA 

The  egg-laying  apparatus  of  a female  eurytomid  consists  of  three 
sets  of  valves  or  gonapophyses : (1)  the  stylets  enclosed  in  the  ovi- 
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positor  sheaths  (first  and  second  valvulae  of  Snodgrass  1935)  ; (2) 
the  ventral  valves  (third  valvulae  of  Snodgrass,  inner  plate  of 
Hanna  1934,  James  1936  and  Imms  1916  and  1918)  ; and  (3)  the 
dorsal  valves  (outer  plate  of  Hanna,  James  and  Imms) . The  stylets 
and  ovipositor  sheaths  originate  from  the  coxopodites  of  the  abdo- 
minal segments  eight  and  nine.  The  ventral  valves  come  from  the 
coxopodites  of  the  ninth  sternite  and  the  dorsal  valves  represent 
the  ninth  tergite  (Zander  1899  and  Snodgrass  1935).  Figure  1 
is  a lateral  view  and  figure  3 is  a dorsal  view  of  the  female  armature 
of  two  eurytomid  species.  The  structures  were  dissected  out  of  the 
abdomen,  mounted  in  Diaphane  on  a glass  slide,  and  drawn  with  the 
aid  of  a camera  lucida.  The  labels  show  the  parts  of  the  ovipositor 
(Fig.  1)  that  will  be  used  in  this  paper  for  the  interpretation  of 
relationships. 

In  considering  any  body  of  phylogenetic  data  it  is  imperative  to 
keep  in  mind  that  conclusions  based  on  one  line  of  evidence  mean 
very  little  when  standing  alone.  It  is  in  the  correlation  with  more 
diverse  data  that  any  one  set  of  characters  becomes  significant.  Our 
studies  of  particular  structures  must,  therefore,  be  correlated  with 
all  the  other  material  in  this  paper  before  valid  conclusions  can  be 
drawn.  A preliminary  study  of  the  genitalia  is  profitable  before 
proceeding  with  the  eurytomid  structures  because  the  Ichneu- 
monoidea  include  some  of  the  most  primitive  groups  of  parasitic 
Hymenoptera  (Brues  1910b  and  27;  and  Handlirsch  1908).  Such 
a study  reveals  that : ( 1 ) the  genitalia  are  usually  confined  to  the 
extreme  posterior  end  of  the  abdomen,  with  little  or  no  anterior 
extension  of  the  valves  within  the  abdomen;  and  that  (2)  in  many 
cases  the  degree  of  development  of  the  armature  has  a direct  relation 
to  an  accompanying  distortion  of  the  abdomen. 

Genitalia  of  the  gall-making  Cynipidae  are  illustrated  by  the 
work  of  Adler  (1894),  and  Fruhauf  (1923).  In  this  group  the 
ovipositor  lies  within  the  abdomen.  The  structures  fill  the  greater 
part  of  the  abdomen  and  exhibit  the  dorsal  and  posterior  extension 
of  the  dorsal  valves  in  much  the  same  degree  as  is  found  in  some  of 
the  Eurytomidae. 

This  process  of  anterior  extension  of  the  valves  has  been  de- 
scribed and  discussed  by  Ferriere  (1924)  for  several  families  of  the 
Chalcidoidea.  He  draws  particular  attention  to  the  gradual  invagi- 
nation of  the  valves  in  a series  of  species  of  the  Pteromalidae,  Calli- 
momidae,  and  Eurytomidae.  This  series  culminates  in  a species  of 
Eurytomidae  with  a highly  developed  ovipositor  which  fills  most  of 
the  abdomen.  Ferriere  concludes  that  this  efficient  tool  is  the  result 
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of  the  inward  growth  or  invagination  of  the  valves.  Coincident 
with  the  dorsal  extension  of  the  valves  there  is  a marked  dorsal 
elevation  of  the  anterior  part  of  the  abdomen. 

In  any  group  of  insects  the  terminal  position  of  the  armature 
must  have  been  primitive.  The  invagination  of  the  hind  segments 
must  represent  a specialized  condition  which  reaches  its  highest 
development  in  those  forms  in  which  the  ovipositor  is  coiled  dorsally 
and  posteriorly,  much  as  a watch  spring  is  coiled.  This  is  the  basis 
on  which  the  eurytomid  structures  will  be  interpreted. 

The  ovipositor  and  sheaths  in  the  Eurytomidae  vary  from  a 
condition  in  which  there  is  no  dorsal  extension  of  the  valves  to  a 
highly  developed  stage  where  there  is  both  dorsal  and  posterior 
extension.  In  the  most  extreme  cases  the  structure  appears  to  wind 
up  on  itself.  For  easier  description  three  stages  are  arbitrarily 
represented  and  the  following  table  indicates  the  standing  of  the 
genera  of  Eurytomidae  with  respect  to  the  degree  of  development 
of  the  valves.  The  limits  of  the  groups  are  not  sharply  differen- 
tiated, but  at  least  there  is  a gradual  building  up  from  the  least 
developed  to  the  most  highly  developed  condition. 


table  1 


Genitalia 

Tribes 

Genera 

No  great  dorsal  exten- 
sion of  either  dorsal 
or  ventral  valves 

Isosomini 
Ri]  eyini 

Harmolita 

Macrorileya 

Rileya 

Definite  dorsal  exten- 
sion of  the  dorsal 
and  ventral  valves 

Eurytomini 

C C 
< C 

c c 
c c 

Eurytomocharis 

Evoxysoma 

Bruchophagus 

Decatomidea 

Eurytoma 

Dorsal  extension  com- 
bined with  posterior 
flexure  of  the  dorsal 
and  ventral  valves 

Eurytomini 
( ( 

Decatomini 

Eurytoma  (few) 

Prodecatoma 

Decatoma 

In  the  Isosomini.  I have  material  of  only  one  genus,  Harmolita, 
of  the  tribe  Isosomini. 

Figure  2 represents  a lateral  view  and  figure  3 a dorsal  view  of 
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the  ovipositor  and  sheaths  of  two  species  of  Harmolita.  The  ventral 
valves  show  only  a weak  tendency  to  turn  dorsally  at  the  anterior 
end.  The  dorsal  valves  show  no  sign  of  dorsal  extension.  The 
genitalia  lie  in  a ventral  position  in  the  abdomen. 

The  anterior  part  of  the  abdomen  is  not  greatly  arched  which 
correlates  with  the  lack  of  dorsal  extension  of  the  valves  (Fig.  16). 

This  weakly  developed  ovipositor  of  Harmolita  seems  to  repre- 
sent the  most  primitive  condition  found  within  the  Eurytomidae. 

In  the  Eurytomidae.  The  most  noticeable  change  in  the  contour 
of  the  ovipositor  and  valves  in  the  species  of  Eurytomocharis  is  in 
the  dorsal  extension  of  the  ventral  valves  (Fig.  4) . Correlated  with 
the  greater  dorsal  extension  is  the  greater  arch  made  by  the  diverg- 
ing arms  of  the  stylets.  Otherwise  there  is  no  great  advance  over 
the  conditions  found  in  the  species  of  Harmolita . 

There  is  enough  dorsal  extension  of  the  valves,  however,  to 
change  the  outline  of  the  abdomen  (Fig.  18).  From  a lateral  view 
the  anterior  region  is  elevated.  Thus  the  angle  that  is  made  by 
the  junction  of  the  petiole  and  the  third  abdominal  segment  is  less 
than  the  same  angle  typical  of  Harmolita. 

Decat omidea  (Fig.  5),  Bruchophagus  (Fig.  6),  and  Evoxysoma 
(Fig.  7)  show  a still  greater  dorsal  development  of  the  ventral 
valves.  As  a result  the  ends  of  the  arms  of  the  stylets  show  a 
slight  tendency  to  roll  under  or  upon  themselves. 

In  Bruchophagus  and  Evoxysoma  the  dorsal  valves  show  a dorsal 
curvature  which,  however,  is  not  as  extreme  as  that  represented  by 
the  ventral  valves. 

Corresponding  to  this  elevation  of  the  anterior  region  of  the 
ovipositor  and  valves  is  an  elevation  also  of  the  anterior  region  of 
the  abdomen  (Figs.  17,  19,  and  24).  The  shape  of  the  abdomen 
from  the  side  is  radically  different  from  the  shape  in  Harmolita. 

Ashmead  (1904)  considered  Evoxysoma  as  a member  of  the 
Isosomini.  The  dorsal  extension  of  the  dorsal  and  ventral  valves 
and  the  raised  anterior  region  of  the  abdomen,  however,  are  typical 
of  the  Eurytomini. 

The  genus  Eurytoma  includes  all  the  stages  of  ovipositor  develop- 
ment to  be  found  in  the  other  genera.  On  the  one  hand,  (Fig.  8), 
we  have  in  the  short  dorsal  extension  of  the  ventral  valves  a condi- 
tion approaching  that  found  in  Eurytomocharis  and  Harmolita 
while,  on  the  other  hand,  (Fig.  10)  the  condition  approaches  that 
found  in  the  Decatomini.  The  majority  of  the  species  of  Eurytoma 
occupy  a median  position  (Figs.  1 and  9).  Most  of  them  show  a 
marked  dorsal  extension  of  the  ventral  valves  as  well  as  a corre- 
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sponding  upward  tilt  in  the  dorsal  valves.  In  a few  extreme  cases 
the  valves  have  bent  posteriorly,  appearing  to  wind  up  on  themselves. 

The  raised  anterior  end  of  the  abdomen  is  correlated  with  the 
dorsal  extension  of  the  valves.  The  outline  rises  abruptly  from 
the  petiole  and  then  curves  downward  to  the  posterior  end  of  the 
abdomen  (Figs.  20  and  21).  The  distortion  of  the  abdomen  is  espe- 
cially noticeable  in  those  species  (Fig.  22)  which  have  a posterior 
flexure  of  the  valves,  for  as  they  bend  posteriorly,  the  abdomen,  from 
a lateral  view,  assumes  a circular  shape. 

The  great  range  of  development  displayed  by  Eurytoma  seems 
to  imply  either  that  there  has  been  considerable  evolution  within 
the  genus  or  that  it  includes  numerous  species  which  have  been  mis- 
placed and  could  be  placed  in  new  genera.  I am  inclined  to  accept 
the  first  possibility,  but  more  systematic  data  and  studies  are  needed 
before  an  answer  can  be  stated. 

Among  the  Eurytomini  the  species  of  the  genus  Pv'odecatoma 
have  the  most  highly  developed  ovipositor.  Figure  11  represents 
the  ovipositor  and  sheaths  of  the  only  species  of  this  genus  found  in 
the  United  States.  The  posterior  extension  of  the  dorsal  and  ventral 
valves  is  very  pronounced.  The  diverging  arms  of  the  stylets  have 
rolled  under  themselves.  As  compared  to  the  condition  in  such 
genera  as  Harmolita  and  Eurytomocharis  the  ovipositor  in  Prodeca- 
toma  becomes  a formidable  piercing  tool. 

With  the  posterior  extension  of  the  valves  the  whole  abdomen 
flattens  out  in  a posterior  direction. 

In  the  Decatomini.  The  ovipositor  in  the  Decatomini  (Figs.  12 
and  13)  shows  the  same  tendency  to  coil  upon  itself  that  is  displayed 
in  a few  species  of  the  genus  Eurytoma  and  Prodecatoma.  All  the 
species  of  Decatoma  that  I have  observed  have  presented  the  same 
coiled  condition  of  the  genitalia.  The  circular  shape  of  the  abdomen 
is  correlated  with  the  much  coiled  ovipositor  (Fig.  26). 

Because  of  the  extreme  development  of  the  ovipositor  it  seems 
reasonable  to  place  Decatoma  high  in  the  scale  of  evolution  in  the 
Eurytomidae. 

In  the  Rileyini.  The  genus  Macrorileya  has  only  one  described 
species,  M.  oecanthi,  Ashmead.  The  dorsal  and  ventral  valves  are 
conspicuous  by  their  lack  of  dorsal  extension  (Fig.  14).  On  the 
other  hand,  the  valves  are  considerably  produced  posteriorly.  The 
posterior  elongation  correlates  with  the  elongated,  tubular  abdomen 
(Fig.  28).  Some  specialization  is  evident  in  the  elongated  condition 
but  no  matter  how  elongated  it  might  become  it  would  never  lead 
to  the  powerful  tool  which  is  typical  of  Decatoma.  Obviously, 
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Macrorileya  represents  a different  branch  of  evolution  than  the 
Isosomini,  Eurytomini  and  Decatomini.  Because  it  shows  no  great 
development  in  the  valves  it  may  be  concluded  that  it  originated 
from  ancestors  in  which  the  same  condition  prevailed.  At  least  as 
far  as  the  ovipositor  is  concerned  it  must  have  had  an  ancient  origin. 
In  the  light  of  the  considerations  above  the  origin  of  Macrorileya 
seems  to  have  antedated  that  of  the  other  three  tribes. 

The  genus  Bileya  is  included  in  the  same  tribe  as  Macrorileya. 
Comparison  of  the  ovipositors  does  not  invalidate  this  arrangement, 
but  there  seems  to  be  a considerable  difference  between  the  two 
groups.  The  valves  in  Bileya  are  slightly  produced  dorsally.  There 
is  no  tendency  to  elongate  posteriority.  Thus  the  shape  of  the  abdo- 
men in  Bileya  (Fig.  27)  is  quite  different  from  that  in  Macrorileya. 
There  is  enough  dorsal  extension  of  the  valves  in  Bileya  to  raise 
the  anterior  end  of  the  abdomen,  although  not  as  much  as  is  found 
in  some  of  the  other  tribes.  Macrorileya  does  not  show  any  such  a 
tendency. 

This  evidence  seems  to  imply  that  Bileya  and  Macrorileya  are 
not  as  closely  related  as  one  might  presume.  Bileya  seems  to  be 
nearer  the  plan  of  evolution  found  in  the  other  three  tribes.  The 
relationship  between  Macrorileya  and  Bileya  seems  to  be  one  of 
rather  ancient  origin  as  each  group  has  developed  distinctive 
characteristics. 

SEGMENTATION  OF  THE  ABDOMEN 

Most  of  the  published  descriptions  of  the  Eurytomidae  fail  to 
note  that  the  propodeum  and  the  petiole  are  the  first  two  abdominal 
segments.  Following  what  seem  to  be  well-established  homologies, 
segment  four  of  the  literature  will  be  referred  to  in  this  discussion 
as  segment  six  and  the  propodeum  and  petiole  are  considered  as 
segments  one  and  two. 

The  abdomen  of  the  Eurytomidae  varies  from  an  approxi- 
mately, equally  segmented  condition  to  one  in  which  the  sixth 
dorsal  plate  is  enlarged  to  several  times  the  length  of  segments 
four  and  five  combined.  In  practically  all  the  genera  considered 
here  segments  four  and  five  remain  fairly  constant  in  length  so 
that  comparison  with  them  offers  a convenient  basis  for  judging 
the  amount  of  the  enlargement  of  the  sixth  segment. 

An  enlarged  abdominal  segment  means  one  of  two  things:  (1) 
a fusion  of  two  segments;  or  (2)  an  enlargement  of  one  segment. 
In  forms  in  which  the  enlargement  is  due  to  the  fusion  of  two 
segments,  the  abdomen  should  show  at  least  one  segment  less  than 
normal.  The  number  of  abdominal  segments  in  the  Eurytomidae, 
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nine  including  the  propodeum  and  the  petiole,  is  constant  in  all 
the  species  of  the  genera  that  I have  studied.  It  thus  appears 
that  one  of  the  segments  must  have  enlarged. 

In  any  group  of  insects  the  primitive  condition  must  have 
been  an  approximately  equal  segmentation.  The  primitive  in- 
sects, as  attested  by  both  fossil  and  living  species  (Thysanura, 
Blattariae,  etc.)  exhibit  equal  segmentation  of  the  abdomen.  A 
condition  then  in  which  a segment  is  enlarged  implies  more  recent 
evolution.  The  only  detailed  piece  of  work  in  which  the  segmen- 
tation of  the  abdomen  has  been  used  to  show  relationships  in 
the  Hymenoptera  is  Kinsey’s  study  (1920)  of  the  phytogeny  of 
cynipid  genera.  In  some  of  these  insects  the  second  abdominal 
segment  is  similar  to  all  the  others  in  size ; in  other  cases  it  covers 
most  of  the  abdomen.  The  enlarged  condition,  in  the  light  of 
several  lines  of  correlated  data,  was  considered  the  more  special- 
ized condition. 

Ashmead  (1895)  drew  attention  to  various  shapes  of  the 
abdomen  and  its  segments  among  the  Chalcidoidea  but  made  no 
phylogenetic  interpretations. 

In  the  Isosomini.  Figures  15  and  16  represent  lateral  views 
of  the  abdomens  of  two  species  of  Harmolita.  The  segments  are 
all  subequal  and  the  sixth  fails  to  show  any  sign  of  enlarging  as 
it  does  in  the  Eurytomini  (Gahan,  1922).  In  its  equal  segmen- 
tation the  genus  Harmolita  approaches  the  primitive  condition 
of  abdominal  segmentation  more  closely  than  any  other  genus  of 
the  Eurytomidae  studied. 

In  the  Eurytomini.  The  segmentation  in  the  genus  Brucho- 
phagus  (Fig.  17)  is  approximately  equal.  The  sixth  segment, 
however,  does  show  a slight  tendency  to  enlarge.  The  equal 
segmentation  suggests  that  Bruchophagus  must  have  originated 
from  ancestors  with  similar  segmentation  unless  there  has  been  a 
regression  from  a state  in  which  the  fourth  segment  was  greatly 
enlarged.  This  seems  doubtful,  however,  as  subequal  segmen- 
tation is  characteristic  of  the  whole  genus.  It  seems  more  proba- 
ble that  the  unmodified  sixth  segment  has  been  retained  by  the 
present  day  species. 

The  sixth  segment  in  Eurytomocharis  (Fig.  18)  is  consider- 
ably enlarged  so  that  it  approaches  in  length  segments  four  and 
five  combined.  This  is  especially  noticeable  when  the  abdomen 
of  Eurytomocharis  is  compared  with  that  of  the  species  of  Har- 
molita (Figs.  15  and  16)  and  Bruchophagus  (Fig.  17). 

The  sixth  segment  in  Evoxysoma  (Fig.  19)  is  more  greatly 

177 


ENTOMOLOGICA  AMERICANA  Vol.  XVI,  No.  3 


enlarged  than  in  Eurytomocharis  or  Eurytoma.  In  actual  com- 
parison of  size  of  the  abdomens  the  elongation  seems  to  be  due  to 
the  elongated  sixth  segment.  The  third,  fourth  and  fifth  seg- 
ments remain  subequal  in  all  three  genera.  If  the  sixth  segment 
was  equal  to  segments  four  and  five  combined  instead  of  longer 
the  abdomen  would  be  very  close  to  the  abdomen  typical  of 
Eurytoma  or  Eurytomocharis. 

A considerable  amount  of  variation  in  the  size  of  the  sixth 
segment  of  the  abdomen  occurs  in  the  genus  Eurytoma  (Figs.  20, 
21,  and  22).  This  variation  undoubtedly  represents  several  lines 
of  evolution  independently  followed  by  groups  of  species  within 
the  genus.  The  majority  of  the  species  fall  into  a median  class 
where  the  sixth  segment  is  equal  to  segments  four  and  five  com- 
bined. There  are  several  species  of  Eurytoma  (Fig.  22)  which 
resemble  the  condition  found  in  Decatoma  (Fig.  25).  The  varia- 
tion is  not  as  great  as  that  found  in  the  ovipositors  but  it  is  enough 
to  suggest  that  Eurytoma  may  some  day  be  split  up  into  several 
genera.  The  fact  that  the  greater  number  of  species  show  a 
medium  amount  of  enlargement  marks  them  as  incipiently  spe- 
cialized members  of  the  Eurytomini. 

Segment  six  in  Prodecatoma  is  more  than  equal  to  segments 
four  and  five  (Fig.  23).  I have  been  able  to  study  only  one 
species  of  this  genus  P.  phytophaga  Crosby  (1909).  As  far  as 
that  species  is  concerned  the  enlarged  sixth  segment,  which  in 
length  exceeds  that  found  in  Eurytoma,  seems  to  imply  a high 
degree  of  specialization.  Ferriere  (1924)  figures  a species  of 
Prodecatoma  (P.  philodendri)  where  the  sixth  segment  is  only 
slightly  larger  than  segment  five.  Brethes  (1922)  describes  a 
species  (P.  parodii)  and  states  that  the  fourth  segment  (his  sec- 
ond) is  very  short ; the  fifth  twice  as  long  as  the  fourth ; and  the 
sixth  twice  as  long  as  the  fifth.  Parodii,  from  the  description, 
seems  to  show  an  enlarged  sixth  segment  that  would  compare  with 
that  of  P.  phytophaga. 

In  the  genus  Decatomidea  (Fig.  24)  the  sixth  segment  is  so 
enlarged  that  it  occupies  fully  a half  of  the  dorsal  surface  of  the 
abdomen  and  very  often  covers  up  segment  seven.  In  the  species 
figured,  segment  three  has  fused  dorsally  with  segment  four  but 
retains  its  identity  laterally.  The  unusual  size  of  the  sixth  seg- 
ment marks  Decatomidea  as  a highly  specialized  member  of  the 
Eurytomini. 

In  the  Decat omini.  In  the  United  States  this  tribe  consists  of 
only  one  genus,  Decatoma.  The  sixth  segment  shows  enlarge- 
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ment  although  it  does  not  reach  the  extreme  found,  for  instance, 
in  Decat omidea.  Figure  25  shows  a close  resemblance  to  some 
species  of  Euryioma  (Fig.  22).  The  sixth  segment  is  only  slightly 
larger  than  segment  five,  but  the  segment  is  affected  by  extreme 
lateral  compression  of  the  whole  abdomen. 

In  many  species  of  Decatoma  the  sixth  segment  is  more  notice- 
ably enlarged  and  in  addition  the  fifth  segment  often  shows  signs  of 
increasing  length  (Fig.  26).  This  increase  in  both  the  fifth  and 
sixth  segments  causes  a posterior  crowding  of  segments  seven  and 
eight  so  that  those  posterior  are  only  partially  visible  or  in  a few 
cases  totally  obscured.  These  segments  are  always  present  although 
invaginated  under  segment  six. 

Abdominal  segmentation  in  Decatoma  represents  considerable 
specialization  and  may  be  regarded  as  of  more  recent  evolution,  than 
in  most  of  the  Eurytomini,  because  it  has,  in  many  cases,  involved 
the  enlargement  of  two  segments  rather  than  one.  In  this  respect 
the  Decatomini  represent  a slightly  different  branch  of  evolution 
from  the  other  Eurytomidae. 

In  the  Rileyini.  In  his  revision  of  the  genus  Rileya  Gahan 
(1918)  lists  two  species  which  show  enlargement  of  the  fifth  abdomi- 
nal segment  though  most  of  the  species  show  enlargement  of  the 
sixth  segment.  Either  there  are  two  lines  of  evolution  within  the 
genus  or  in  some  cases  fusion  or  dropping  out  of  one  of  the  anterior 
segments  must  have  occurred.  In  the  two  species  which  I have 
examined  there  is  an  enlarged  sixth  segment  (Fig.  27)  which  covers 
most  of  the  dorsal  surface  of  the  abdomen.  In  both  cases  the  three 
segments  anterior  to  the  sixth  have  been  forced  anteriorly  and  dor- 
sally  until  they  appear  only  as  three  small  crowded  plates  on  the 
dorsal,  anterior  surface  of  the  sixth  tergite.  Concerning  the  iden- 
tity of  the  segment  enlarged,  and  the  possibility  of  fusion  of  two 
segments  or  the  dropping  out  of  one  segment  Dr.  Gahan  (in  litt.) 
says  “I  think  there  is  no  doubt  that  the  enlarged  segment  of  the 
abdomen  in  both  the  groups  of  Rileya  is  the  fourth  tergite  [ i.e the 
sixth  tergite  of  this  study].  This  is  apparent  from  the  number  of 
segments  beyond  the  large  one.  Just  what  has  happened,  however, 
is  not  easy  to  establish.  In  R.  pulchra  and  R.  heterogaster  there 
are  only  two  of  the  small  disc  like  segments  at  the  base  of  the 
abdomen,  while  in  all  the  others  there  are  three.  I am  really  unable 
to  say  whether  the  first  [third]  segment  has  become  united  with  the 
second  [fourth]  or  whether  the  second  [fourth]  segment  has 
dropped  out  or  retracted  to  such  an  extent  that  it  is  covered  by  the 
first  [third] . I believe,  however,  that  whatever  has  taken  place  the 
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first  [third]  and  second  [fourth]  tergites  are  the  ones  involved.  In 
some  species  the  second  [fourth]  tergite  is  about  as  long  as  the  third 
[fifth],  while  in  others  it  is  reduced  to  a very  narrow  border  around 
the  first  [third] . This  would  seem  to  indicate  that  it  might  be  the 
tergite  which  has  disappeared  in  pulchra  and  heterog aster.  I am 
unable  to  establish,  however,  whether  it  has  disappeared  by  dropping 
out  or  by  amalgamation  with  the  first  [third]  tergite.  In  some  of 
the  specimens  there  seems  to  be  a faint  indication  that  the  two 
tergites  may  have  fused,  but  on  what  I can  see,  without  having  dis- 
sected any  of  the  very  limited  material,  I am  inclined  to  think  the 
second  [fourth]  tergite  has  dropped  out.  Except  for  this  one  char- 
acter the  two  species  mentioned  do  not  differ  materially  from  typical 
Riley  a.” 

Whatever  the  case  may  be  the  extremely  enlarged  fifth  or  sixth 
segment  and  the  small  dorsally  crowded  anterior  plates  indicate  a 
branch  of  evolution  apart  from  the  main  trend  of  that  of  the 
Isosomini,  Eurytomini  and  Decatomini.  In  following  this  different 
line  of  evolution,  however,  Rileya  has  reached  a greater  degree  of 
development  than  any  other  genus  in  the  Eurytomidae. 

Macrorileya,  with  its  elongated,  cylindrical  abdomen,  (Fig.  28) 
appears  as  far  removed  from  the  main  line  of  evolution  in  the  Eury- 
tomidae as  Rileya.  Segments  six,  seven  and  eight  are  elongated  but 
neither  one  excessively  so  in  relation  to  the  others.  In  some  of  the 
specimens  that  I have  examined  segment  four  is  about  half  the  size 
of  segment  five.  In  other  specimens  segment  four  appears  to  have 
fused  with  segment  three.  In  such  cases  the  abdomen  seems  to 
possess  only  eight  segments,  but,  placed  in  the  proper  light,  a faint 
indentation  which  would  correspond  to  the  posterior  limit  of  seg- 
ment four  can  be  seen  which  may  indicate  a fusion  of  segments  three 
and  four.  In  the  light  of  Gahan’s  interpretation  for  Rileya , in- 
stead of  fusion  of  two  segments,  one  segment  may  have  dropped  out 
in  Macrorileya  also.  In  any  case  the  elongation  of  segments  six, 
seven  and  eight  and  the  possible  fusion  or  dropping  out  of  a seg- 
ment in  some  specimens  shows  specialization  in  Macrorileya. 

In  Rileya  the  abdomen  is  of  more  normal  length,  equalling  about 
one  and  a half  times  the  thorax. 

A comparison  of  Macrorileya  and  Rileya  suggests  that  if  the 
two  are  related  they  diverged  long  ago,  progressing  along  different 
lines  of  evolution  in  abdominal  characters. 

SHAPE  AND  SIZE  OF  THE  THORAX 

Snodgrass  (1911)  clearly  indicates  that  the  generalized  condi- 
tion of  the  thorax  of  the  Tenthredinoidea  is  not  evident  in  the 
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higher  families  of  the  Hymenoptera  as  the  original  parts  and  sutures 
have  been  deleted  by  fusion  and  by  the  appearance  of  secondary 
characters,  such  as  the  prepectus. 

The  thorax  in  the  Eurytomidae  is  quite  constant  in  its  arrange- 
ment of  parts,  sutures,  etc.  However,  there  are  noticeable  varia- 
tions in  the  shape  and  size  of  parts.  The  thorax  is  elongate  in  some 
of  the  Isosomini  or  it  may  show  shortening  in  some  of  the  Euryto- 
mini.  An  intermediate  condition  is  typical  of  some  of  the  Isosomini 
and  Eurytomini.  Shortening  is  usually  correlated  with  an  elevation 
of  the  thorax. 

There  are  several  structures  which  seem  to  play  an  important 
role  in  the  size  relationships  of  the  thorax  (see  Fig.  29)  and  a brief 
discussion  of  them  will  follow. 

The  propodeum  is  not  of  thoracic  origin  but  has  been  derived 
from  the  abdomen.  In  many  of  the  Tenthredinoidea  it  still  remains 
definitely  a part  of  the  abdomen  but  in  the  higher  groups  of  the 
Hymenoptera  it  has  been  incorporated  in  the  thorax  and  bears  the 
first  abdominal  spiracle  (Snodgrass  1911). 

The  propodeum  in  the  Eurytomidae  in  the  more  generalized 
thorax  is  of  an  intermediate  type  and  fails  to  show  any  lengthening 
or  shortening.  In  the  more  specialized  thorax  of  some  Isosomini 
and  Eurytomini  it  passes  from  an  elongated  condition  to  one  in 
which  it  is  shortened  and  abruptly  truncate. 

Snodgrass  (1911)  has  also  discussed  the  probable  origin  of  the 
prepectus,  a thoracic  structure  which  reaches  its  highest  develop- 
ment in  the  Chalcidoidea.  It  is  interpreted  as  arising  from  the 
anterior  parts  of  both  the  sternum  and  episternum  and  is  found 
lying  between  the  pronotum  and  the  mesepisternum.  As  the  pre- 
pectus is  not  found  in  the  Tenthredinoidea  and  only  indications  of 
it  are  found  in  some  of  the  Ichneumonoidea  it  is  considered  a secon- 
dary development  in  the  chalcids. 

In  the  Eurytomidae  the  prepectus  may  be  absent  (Rileyini)  and 
its  size  is  reduced  in  the  thoraces  which  show  a shortening  (some 
Eurytomini) . 

The  pronotum  is  the  dorsal  tergum  of  the  first  thoracic  segment. 
This  structure  in  the  thoraces  of  many  of  the  Tenthredinoidea  is 
located  as  a collar  standing  vertically  across  the  front  of  the  meso- 
thorax. 

An  elevation  of  the  pronotum  into  a horizontal  position  has  oc- 
curred in  the  Eurytomidae.  Thus  it  forms  a broad  collar  which 
varies  in  shape  from  an  almost  quadrate  structure  to  a form  that  is 
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wider  than  long.  It  serves  as  a distinguishing  character  for  the 
family. 

Neither  the  elongated  thorax  with  a large  prepectus,  a long  pro- 
podeum  and  quadrate  pronotum  nor  the  shortened  thorax  with  small 
prepectus,  truncate  propodeum  and  narrow  pronotum  represent  the 
primitive  stage  in  the  phylogeny  of  this  group.  It  appears  reason- 
able to  hypothesize  an  intermediate  thorax  from  which  the  two 
extreme  types  have  developed  along  different  lines  of  evolution. 

In  the  Isosomini.  The  intermediate  thorax  is  found  in  many 
species  of  Harmolita  (Fig.  30).  The  propodeum  is  not  greatly 
elongated  nor  abrupt.  The  prepectus  is  relatively  large  and  the 
pronotum  is  neither  quadrate  nor  long  and  narrow.  The  thorax 
as  a whole  is  not  shortened  nor  does  it  appear  greatly  elongated  or 
enlarged. 

On  the  other  hand,  there  is  an  elongation  of  the  thorax  in  some 
species  of  Harmolita  (Fig.  29).  Here  the  long  sloping  propodeum 
and  almost  quadrate  pronotum  appear  to  play  an  important  part 
in  the  lengthening  of  the  thorax.  The  prepectus  is  large  and  con- 
spicuous. Thus  this  thorax  seems  to  be  a more  highly  specialized 
structure  than  the  more  conservative,  intermediate  thorax  in  which 
there  is  no  excessive  enlargement  or  development  of  the  propodeum, 
the  pronotum  and  the  prepectus. 

In  the  Eurytomini.  The  thorax  in  Eurytomocharis  (Fig.  31) 
and  Evoxysoma  is  typical  of  the  intermediate  type.  The  prepectus 
is  relatively  large  and  there  is  no  evidence  of  shortening  or  elonga- 
tion. The  thorax  as  well  as  the  propodeum  and  pronotum  are  of 
average  size. 

Eurytoma  exhibits  wide  variation  in  the  thorax.  Figure  32  is 
clearly  intermediate  and  represents  a thorax,  characteristic  of  the 
majority  of  the  species  of  this  genus.  Figures  33  and  34,  however, 
show  two  more  types  of  variation.  In  Figure  33  the  pronotum  and 
the  whole  thorax  appear  considerably  enlarged.  This  enlargement 
of  the  thorax  is  especially  obvious  when  it  is  compared  with  the 
drawing  of  the  thorax  of  Eurytomocharis  (Fig.  31) . In  Figure  34  a 
shortening  is  noticeable.  The  prepectus  is  smaller  and  the  truncate 
propodeum  heighten  the  effect  of  the  shortening.  This  variation 
in  the  thorax  in  Eurytoma  is  in  accord  with  the  variation  displayed 
in  the  ovipositors  and  in  the  segmentation  of  the  abdomen. 

Prodecatoma  does  not  show  any  extreme  modification  of  the 
thorax.  It  is  intermediate  in  character  with  no  noticeable  shorten- 
ing or  elongation.  The  prepectus  is  of  medium  size  and  the  thorax 
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is  not  enlarged.  The  pronotum,  however,  is  relatively  enlarged 
which  implies  some  specialization. 

The  thorax  in  Decatomidea  (Fig.  36)  and  in  Bruchophagus 
(Fig.  35)  represents  the  extreme  case  of  shortening  in  the  Eury- 
tomini.  The  propodenm  is  short  and  abrupt.  The  prepectus  is 
small  and  appears  as  though  it  were  being  compressed  by  the  ven- 
tral, posterior  margin  of  the  pronotum  and  the  anterior  edge  of  the 
mesopleuron.  In  both  genera  the  pronotum  is  much  longer  than 
wide.  The  whole  thorax  is  enlarged.  These  extreme  conditions 
seem  to  indicate  considerable  specialization  in  the  thorax  of  Brucho- 
phagus and  Decatomidea. 

Thus  in  the  tribe  Eurytomini  there  were  probably  several  lines  of 
evolution  of  the  thoracic  characters.  In  Prodecatoma  for  instance 
only  the  pronotum  shows  evidence  of  specialization  while  in  Brucho- 
phagus and  Decatomidea  specialization  occurs  in  the  pronotum, 
prepectus  and  the  propodeum.  These  thoracic  characters,  how- 
ever, must  be  correlated  with  a study  of  the  other  characters  of  these 
insects. 

In  the  Decatomini.  The  most  striking  characteristic  of  the 
thorax  in  Decatoma  is  the  large  size  of  the  whole  structure  (Fig.  37) . 
The  pronotum  is  also  enlarged  and  nearly  quadrate.  The  pro- 
podeum and  prepectus,  on  the  other  hand,  fail  to  show  any  great 
specialization.  Specialization  in  Decatoma  seems  to  have  been 
limited  primarily  to  increase  in  the  size  of  the  pronotum  and  the 
thorax  as  a whole.  This  large  thorax  seems  to  represent  a high 
degree  of  development  along  a slightly  different  line  of  evolution 
than  that  travelled  by  the  Eurytomini  and  Isosomini. 

The  thorax  in  Decatoma  is  remarkably  constant  in  the  general 
relationships  of  its  parts.  The  same  degree  of  constancy  was  dis- 
played by  the  ovipositors.  Does  this  mean  that  genetically,  as  far 
as  these  characters  are  concerned,  Decatoma  is  more  stable?  The 
answer  is  not  yet  clear. 

In  the  Bileyini.  The  thorax  of  the  genus  Riley  a is  distinct  among 
the  Eurytomidae  in  lacking  the  prepectus  (Fig.  38).  As  the  pre- 
pectus is  a characteristic  of  the  chalcids  and  as  all  the  other  genera 
of  the  Eurytomidae  which  I have  examined  have  the  structure  pres- 
ent, it  seems  reasonable  to  assume  that  the  primitive  species  of 
Bileya  must  have  had  a prepectus.  This  is  further  suggested  by 
the  fact  that  upon  dissection  of  the  thorax  of  Bileya  there  appears 
to  be  a faint  line  of  demarcation  of  what  would  have  been  the  pre- 
pectus. The  disappearance  of  the  structure  seems  to  be  due  to  its 
fusion  with  the  front  of  the  sternum  and  episternum. 
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The  thorax  as  a whole  is  not  greatly  enlarged.  The  pronotum, 
however,  appears  somewhat  specialized  in  being  longer  than  wide. 
The  propodeum  is  prolonged  posteriorly  forming  a rounded  depres- 
sion into  which  the  petiole  is  inserted.  Because  of  the  disappear- 
ance of  the  prepectus  the  thorax  appears  shortened. 

The  thorax  of  Rileya  is  specialized,  and  yet  it  is  so  different  from 
the  thorax  of  the  Eurytomini,  Isosomini  and  Decatomini  that  it 
seems  to  indicate  that  here  is  a branch  of  evolution  which  is  separate 
from  the  other  three  tribes. 

The  thorax  of  Macrorileya  (Fig.  39)  is  more  normal  than  Rileya. 
The  most  noticeable  character  is  the  apparent  elongation  of  the 
whole  thorax.  The  prepectus  is  of  average  size,  but  both  pronotum 
and  propodeum  are  enlarged.  The  dorsal  surface  of  the  pronotum 
is  equal  to  at  least  two  thirds  of  the  dorsal  surface  of  the  mesonotum. 
The  whole  thorax  in  relation  to  the  length  of  the  body  is  unusually 
small  for  the  Eurytomidae.  Although  the  thorax  of  Macrorileya 
is  more  typical  of  the  Eurytomidae  than  of  Rileya , its  different  con- 
tour and  extreme  small  size  likewise  imply  a branch  of  evolution 
distinct  from  that  of  the  other  three  tribes. 

Obviously  Rileya  and  Macrorileya  have  very  little  in  common  as 
far  as  thoracic  characters  are  concerned.  The  inclusion  of  both 
genera  in  the  same  tribe  seems  hardly  warranted  on  this  basis  at 
least.  If  they  are  related,  it  is  a remote  relationship  and  the  present 
day  species  of  the  two  genera  are  very  different.  The  presence  of 
the  prepectus  and  the  small  size  of  the  thorax  of  Macrorileya  stamp 
it  as  more  primitive  than  Rileya. 

THE  MALE  AND  THE  FEMALE  ANTENNA 

The  typical  antenna  in  the  Chalcidoidea  consists  of  a basal  joint 
or  scape,  a pedicel  and  a flagellum  (Fig.  40).  The  antenna  of  the 
eurytomid  conforms  to  this  type  with  the  addition  of  from  one  to 
three  ring  joints  between  the  flagellum  and  the  pedicel.  Ring  joints 
are  restricted  to  the  Chalcidoidea  and  to  a few  families  of  the  Proc- 
totrypidae  and  are  found  in  all  the  species  of  the  Eurytomidae. 

In  the  Chalcidoidea  the  reduction  from  an  elongated,  filiform 
condition  (Chalcididae  and  some  Eurytomidae)  to  a short  clavate 
antenna  (some  Eurytomidae,  Eulophidae  and  Aphelinidae)  is  one 
of  the  most  obvious  alterations  of  the  antenna.  The  primitive  insect 
had  a long,  many  segmented,  filiform  antenna,  so  that  the  shorter 
clavate  condition,  which  is  found  in  several  of  the  more  specialized 
families  of  the  Chalcidoidea,  is  considered  a sign  of  more  recent 
evolution. 
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The  exact  interpretation  of  the  club  in  the  Eurytomidae  is  not 
easy  to  make.  Many  descriptions  speak  of  a three- jointed  club. 
Careful  attention  to  the  club  has  failed  to  convince  me  that  it  is 
always  a definitely  three-segmented  structure.  It  is  true  that  in 
many  cases  fairly  distinct  annulations  can  be  discerned  which  might 
indicate  one  of  two  things:  (1)  fusion  of  several  segments;  or  (2) 
secondary  division  of  an  originally  single  segment.  Just  which  con- 
dition represents  the  true  state  is  still  uncertain.  In  general,  how- 
ever, I am  inclined  to  agree  with  James  (1926)  when  he  states,  for 
the  female  antenna  of  Harmolita  graminicola  Gir.,  that,  the  terminal 
segment  is  longer  and  thicker  than  the  preceding  segments,  and 
possesses  two  fairly  well-marked  annulations  which  indicate  a fusion 
of  three  terminal  segments  of  the  antenna.  Whether  it  is  division 
of  a single  segment  or  fusion  of  several  segments  it  is  still  a sign  of 
specialization. 

The  antenna  of  E.  sepulta  Brues  (1910a),  from  the  Florissant 
shales,  is  said  to  be  apparently  thirteen  jointed  with  a distinct  three 
jointed  club.  The  single  specimen  showing  the  antenna  is  poorly 
preserved,  however,  so  that  too  much  weight  cannot  be  placed  on  the 
evidence.  In  the  published  drawing  the  club  seems  hardly  defined. 

Because  of  the  apparent  uncertainty  concerning  the  club  it  has 
been  thought  best  to  consider  only  those  segments  of  the  flagellum 
which  are  clearly  separate  units  and  count  the  remaining  part,  which 
is  usually  referred  to  as  the  club,  as  a single  segment.  When  such 
an  interpretation  is  applied,  the  results  for  the  four  tribes  as  to  the 
number  of  distinct  segments  in  the  flagellum  of  the  male  and  female 
antenna  may  be  tabulated  as  follows. 

TABLE  11 


Number  of  Segments  in  Flagellum 


Tribe 

Female 

Male 

Club 

Isosomini  (flagellum) 

7 

7 

lacking 

6 

7 

present  in  2 

Eurytomini 

7 

7 

lacking 

6 

6 

present  in  2 

Decatomini 

6 

5 

present  in  J' 
and  2 

Rileyini 

6 

? 

present  in  2 
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It  may  be  seen  that  when  the  flagellum  is  clearly  seven-segmented 
there  is  no  indication  of  a club.  Only  in  the  six-segmented  flagellum 
which  is  found  in  many  of  the  females  do  we  have  a subclavate, 
terminal  segment. 

The  Decatomini  show  a clubbed  terminal  joint  in  both  the  male 
and  female.  Although  the  female  flagellum  is  six-segmented,  as 
in  some  species  of  the  Isosomini  and  Eurytomini,  the  male  flagellum 
is  only  five-segmented.  This  indicates  a total  loss  of  one  segment 
or  the  fusion  of  one  segment  with  the  terminal  club.  In  either  case 
this  is  a specialization  not  found  elsewhere  in  the  Eurytomidae. 

The  use  of  male  structures  is  very  often  limited  as  many  species, 
which  are  parthenogenetic,  or  have  alternate  generations,  have  no 
males  or  only  a few.  Phillips  and  Emery  (1919)  list  twelve  species 
of  Harmolita  in  which  males  have  never  been  reported  or  the  females 
far  outnumber  the  males.  My  own  material  is  totally  lacking  in 
males  of  the  genus  Rileya,  and  Macrorileya  is  represented  by  only 
one  headless  male.  Males  are  well  represented  in  the  rest  of  the 
genera,  however. 

In  attempting  to  apply  the  structure  of  the  antenna  to  an  inter- 
pretation of  the  phylogenetic  relationships  of  the  genera  considered 
in  this  study,  the  following  criteria  have  been  used. 

1.  The  long  filiform  flagellum  is  more  primitive  than  the  shorter 

antenna  with  a definite  club. 

2.  The  more  alike  the  male  and  female  antenna,  the  more  primi- 

tive are  the  insects. 

3.  Reduction  in  the  number  of  the  segments  is  a sign  of  recent 

development. 

4.  Presence  of  three  ring  joints  is  more  specialized  than  one 

ring  joint. 

5.  Extreme  elongation  of  the  scape  and  pedicel  is  an  advance 

over  a condition  in  which  they  are  of  only  moderate  size. 

6.  Diffuse  sensory  hairs  on  the  male  antenna  are  more  general- 

ized than  arrangement  in  definite  whorls. 

Frequent  reference  to  the  plates  accompanying  the  text  will 
materially  aid  the  interpretation  of  the  written  description. 

In  the  Isosomini.  In  Harmolita  the  scape  is  fairly  constant  in 
length  averaging  about  a third  of  the  length  of  the  rest  of  the 
antenna  in  the  female  and  from  one  fifth  to  one  sixth  of  the  length 
of  the  antenna  in  the  male.  The  flagellum  of  the  female  varies  from 
long  and  filiform  to  a structure  in  which  the  segments  are  sub- 
quadrate and  a club  is  present  (Figs.  41  and  42).  In  the  male 
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(Fig.  53)  the  flagellum  is  always  filiform  and  in  a few  cases  some 
of  the  basal  segments  are  asymmetrically  constricted  (“excised”) 
at  the  apex,  suggesting  the  typical  condition  of  the  Eurytomini. 
The  flagellum  in  the  female  may  be  six-segmented  with  a club  or 
seven-segmented  without  a club.  It  is  always  seven-segmented  in 
the  male  and  the  two  terminal  segments  are  quite  distinct.  The 
first  joint  of  the  flagellum  is  usually  longer  than  the  pedicel.  One 
ring  joint  is  characteristic. 

In  the  Eurytomini.  The  female  antenna  varies  considerably  in 
the  Eurytomini.  The  scape  and  pedicel,  however,  are  quite  constant 
in  length  and  the  scape  averages  about  a third  of  the  rest  of  the 
length  of  the  antenna.  In  such  genera  as  Eurytomocharis  (Fig.  46), 
Evoxysoma,  Eurytoma  (Figs.  40,  44  and  45)  and  Prodecatoma 
(Fig.  43)  the  filiform  flagellum  is  seven-segmented  and  without  a 
club.  The  segments  are  usually  longer  than  wide.  In  some  species 
of  Eurytoma  there  are  six  shortened  segments  with  a poorly  defined 
club  (Fig.  47) . 

Decat omidca  (Fig.  48)  and  Bruchophagus  (Fig.  49)  have  the 
most  highly  differentiated  antenna  in  the  Eurytomini.  The  flagel- 
lum has  five  quadrate  segments  with  the  sixth  forming  a club. 

The  male  antenna  of  the  Eurytomini  has  a very  characteristic 
appearance.  In  Eurytomocharis,  Evoxysoma  and  Eurytoma  the 
scape,  which  is  stouter  than  that  of  the  female,  and  in  many  species 
has  a tooth  on  the  outer  margin,  averages  about  one  quarter  of 
the  rest  of  the  antenna.  The  first  five  segments  of  the  flagellum 
are  asymmetrically  constricted  (“excised”)  and  this  constriction 
diminishes  distally  (Fig.  54).  The  last  two  segments  fail  to  show 
any  excision  and  are  closely  applied  to  one  another  in  contrast  to 
the  two  distinct  terminal  segments  in  the  Isosomini.  Two  whorls  of 
long,  sensory  hairs  can  be  distinguished  on  segments  two,  three, 
four  and  five.  The  hairs  also  diminish  in  length,  distally  and  appear 
more  diffusely  scattered  on  the  terminal  segments. 

In  Bruchophagus  (Fig.  56)  the  apical  three  segments  of  the 
flagellum  are  grouped  together. 

Decatomidea  exhibits  a male  antenna  in  which  segments  two, 
three  and  four  of  the  flagellum  are  reduced  to  a triangular  shape 
and,  instead  of  the  usual  double  whorls  of  long  hairs  to  each  segment, 
have  only  one  (Fig.  55). 

Prodecatoma  (Fig.  58)  departs  from  the  more  characteristic 
form  of  the  Eurytomini  male  antenna.  It  is  considerably  elongated 
and  the  segments  are  dumb-bell  shaped.  The  orderly  arrangement 
of  the  two,  long  whorls  of  hairs  and  the  fact  that  the  terminal  two 
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segments  of  the  flagellum  are  closely  associated,  suggest  a variation 
of  the  male  antenna  typical  of  the  Eurytomini. 

The  variations  in  the  antenna  in  Bruchophagus,  Decat omidea 
and  Prodecatoma  seem  to  represent  specializations  of  the  more  gen- 
eralized Eurytomini  form  typical  of  most  of  the  species  of  Eurytoma. 

In  the  Decat omini.  This  is  the  only  tribe  in  which  the  scape  and 
pedicel  elongate.  The  scape  is  equal  to  about  half  the  length  of 
the  rest  of  the  antenna  in  both  the  male  and  the  female  (Figs.  50 
and  51).  The  pedicel  equals  or  exceeds  the  first  segment  of  the 
flagellum.  The  flagellum  is  six-segmented  in  the  female  and  only 
five-segmented  in  the  male  (Fig.  57)  with  a distinct  club  in  both 
sexes.  The  individual  segments  are  generally  quadrate.  The  sen- 
sory hairs  are  diffusely  scattered  over  the  segments  of  the  flagellum. 

In  the  Bileyini.  Unlike  any  of  the  other  tribes,  the  Rileyini  have 
three  ring  joints  (Fig.  52).  The  female  flagellum  is  six-segmented 
with  quadrate  segments  and  a club. 

The  presence  of  the  three  ring  joints  marks  the  Rileyini  as  dis- 
tinct from  the  other  three  tribes  as  the  genitalial,  the  abdominal 
and  the  thoracic  characters  also  indicated. 

The  origin  of  the  ring  joints  is  a mystery  which  cannot  be  solved 
until  comparative  and  developmental  studies  have  been  made.  The 
primitive  hymenopterous  antenna  did  not  have  ring  joints  and  they 
must  have  been  secondarily  acquired  in  the  Chalcidoidea  and  Proc- 
totrypidae  (Proctotrypinae  Ashmead  1893).  In  the  family  Chal- 
cididae  there  are  only  a few  species  which  have  ring  joints,  or 
sometimes  only  a single  joint  which  is  so  intimately  connected  with 
the  first  segment  of  the  flagellum  that  its  distinction  as  a separate 
unit  may  seem  doubtful.  Ring  joints  may  represent  sections  cut 
off  from  the  basal  segment  of  the  flagellum.  In  some  cases  the  ring 
joints  are  distinct,  and  in  comparison  with  the  flagellum  consider- 
ably reduced  in  diameter.  Lacking  better  evidence  we  have  assumed 
that  ring  joints  represent  added  structures  in  the  antenna  of  the 
Eurytomidae. 

The  lack  of  males  of  Rileyini  in  my  collection  precludes  any 
reference  to  them. 

It  seems  logical  to  assume  that  the  primitive  eurytomid  antenna 
was  filiform  with  cylindrical  segments  which  became  progressively 
shorter  toward  the  distal  end.  Unlike  the  antenna  of  some  related 
Hymenoptera  (e.g.,  the  Cynipoidea)  the  eurytomid  antenna  was 
elbowed  between  the  first  and  second  segment  and  the  second  seg- 
ment had  become  a well  developed  pedicel.  The  club  was  lacking. 
The  scape  was  not  greatly  elongated  but  ring  joints  may  have 
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been  present  even  in  the  primitive  antenna  of  the  Eurytomidae. 
From  this  primitive  antenna  evolution  has  progressed  notably  by 
the  shortening  of  the  flagellum  and  its  segments,  by  the  loss  or 
fusion  of  segments,  by  the  formation  of  a terminal  club  and  by  the 
elongation  of  the  scape  and  pedicel.  The  more  generalized  stages 
are  found  in  the  Isosomini  and  Enrytomini  and  the  more  specilized 
conditions  in  the  Decatomini  and  Rileyini. 

The  following  table  summarizes  the  standings  of  the  genera  with 
respect  to  the  structure  of  the  antenna. 


TABLE  III 

Male  and  Female  Antenna 


Generalized 

Incipiently  specialized 

Specialized 

Harmolita  (few) 

Harmolita  (few) 

Decatoma 

Evoxysoma 

Eurytomocharis 

Eurytoma  (few) 

Eurytoma  (majority) 
Prodecatoma 

Rileya 

Decatomidea 

Macrorileya 

Bruchophagus 

(females  only) 

HOST  RELATIONS 

The  following  data  have  been  gathered  from  the  published 
sources  (Dalla  Torre,  1898 ; Phillips  and  Emery,  1919 ; Balduf, 
1932;  Gahan,  1918  and  1922;  Mayr,  1878;  Girault,  1915;  and 
Schmiedeknecht,  1909)  as  well  as  from  my  own  collection  data  and 
many  smaller  publications. 

The  published  records  are  unreliable  because  of  the  frequent 
possibility  of  mis-determinations  both  of  the  parasites  and  of  their 
hosts.  These  data  and  the  conclusions  drawn  from  them  may  need 
modification  upon  further  studies  of  the  group.  Records  for  un- 
described or  undetermined  species  of  the  parasites  have  not  been 
included  in  our  table. 

The  host  data  are  displayed  in  the  following  table. 

The  data  are  enough  to  appear  significant  in  only  three  genera, 
Harmolita,  Eurytoma  and  Decatoma.  The  record  is  detailed  down 
to  the  family  of  the  host  only  where  the  number  of  species  involved 
provides  a real  basis  for  comparison.  Thus  the  fifty-nine  species  of 
Eurytoma,  parasitic  on  thirteen  families  of  Hymenoptera,  are  so 
scattered  that  no  one  family  claims  a significant  majority.  On  the 
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other  hand,  of  the  forty-two  species  of  Decatoma  parasitic  on 
Hymenoptera,  forty  are  associated  with  the  Cynipidae,  a sufficient 
number  to  have  some  significance. 

The  second  part  of  the  table  lists  the  eurytomid  groups  for  which 
the  data  are  too  few  to  warrant  interpretations. 

In  the  Isosomini.  All  of  the  species  of  this  tribe,  with  known 
host  records,  are  phytophagous,  living  on  various  species  of  grasses. 
The  one  possible  exception,  Harmolita  inquilinum,  which  is  de- 
scribed by  Rimsky-Korsakov  (1914)  as  being  both  phytophagous 
and  parasitic,  is  believed  by  Phillips  (1927)  to  be  a true  member 
of  the  Eurytomini  rather  than  of  the  Isosomini.  The  restriction  of 
the  tribe  to  a single  family,  Gramineae,  suggests  a high  degree  of 
specialization.  In  Harmolita  in  the  United  States  this  host  restric- 
tion is  even  more  marked  as  Phillips  and  Emery  (1919)  have  shown 
that  each  phytophagous  species  is  restricted  to  a single  species  of 
grass.  A few  of  these  phytophagous  species  of  Harmolita  also 
produce  galls  and  these  represent  the  highest  development  in  the 
tribe  or  even  in  the  family  Eurytomidae. 

This  apparent  specialization  in  habits  presents  an  anomalous 
situation.  Harmolita  seems  to  be  a primitive  group  in  many  of  its 
morphologic  structures  (e.g.,  in  ovipositors,  abdomen,  etc.)  but  it 
seems  specialized  along  physiological  lines.  In  the  light  of  modern 
genetics  such  an  interpretation  is  possible.  Experimental  evidence 
has  shown  that  a physiological  mutation  does  not  necessarily  imply 
a concomitant  morphological  change,  or  vice  versa.  Many  species 
that  are  morphologically  alike  are  differentiated  wholly  upon  vari- 
ous physiological  differences  (e.g.,  Gall  structure,  Kinsey,  1930; 
host  plants  of  blueberry  maggot,  Lathrop  and  Nickels,  1931 ; songs 
of  crickets,  Fulton,  1931  and  33 ; and  reproductive  isolation  in 
Termites,  Emerson,  1935).  Wheeler  (1928)  has  pointed  out  that 
the  Yespidae  are  structurally  very  much  alike  but  show  consider- 
able differences  in  nesting  and  social  habits  which  indicates  develop- 
ment primarily  along  physiological  lines.  Thus  physiologically, 
Harmolita  has  become  one  of  the  most  highly  specialized  groups  of 
the  Eurytomidae,  while  morphologically  it  has  remained  primitive 
or  only  incipiently  specialized.  Inasmuch  as  the  whole  of  this  large 
group  is  phytophagous  the  habit  must  go  back  at  least  to  the  origin 
of  the  group. 

In  the  Eurytomini.  The  Eurytomini,  in  contrast  to  the  Iso- 
somini, are  very  heterogenous  in  their  habits.  In  the  one  large 
genus  Eurytoma  there  are  both  parasitic  and  phytophagous  species, 
with  the  parasitic  forms  predominating.  Six  orders  of  insects  serve 
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as  hosts  for  Eurytoma.  Lack  of  specialization  is  shown  in  the  fact 
that  the  one  hundred  and  fifty-five  parasitic  species  are  rather 
liberally  scattered,  chiefly  throughout  the  Hymenoptera,  Coleoptera, 
Diptera  and  Lepidoptera.  The  majority  of  the  hosts  are  gall- 
makers  and  this  indicates  some  specialization.  In  contrast  to  the 
Isosomini  the  Eurytomini  appear  to  .be  physiologically  generalized. 

Although  the  data  for  the  other  five  genera  of  the  Eurytomini, 
listed  in  the  second  part  of  the  table,  are  insufficient,  it  may  be  noted 
that  Bruchophagus,  Decat  omidea  and  Prodecatoma  likewise  contain 
both  parasitic  and  phytophagous  species.  Eurytomo charts  and 
Evoxysoma,  on  the  other  hand,  are  restricted  to  grass-feeding  and 
seed-feeding  respectively. 

Three  possible  interpretations  may  be  suggested  to  account  for 
the  host  relations  in  the  Eurytomini;  (1)  There  may  have  been 
several  lines  of  evolution  within  the  tribe;  (2)  The  insects  may 
possess  a generalized  physiological  nature  which  does  not  restrict 
them  to  particular  hosts;  or  (3)  The  taxonomic  data  may  be  so 
badly  confused  that  the  records  do  not  belong  where  they  appear 
to  apply.  All  three  possibilities  may  be  involved  and  we  must  wait 
until  the  genera  (particularly  the  genus  Eurytoma)  are  studied  and 
revised. 

The  suggestion  is  made,  however,  that  the  Isosomini  and  Eury- 
tomini represent  two  diverging  lines,  which  have  had  much  the  same 
origin.  The  Isosomini  have  arisen  from  primitive  Eurytomidae 
stock,  and  while  retaining  many  primitive  structures,  have  under- 
gone a high  degree  of  development,  physiologically.  The  Eury- 
tomini, on  the  other  hand,  have  arisen  from  the  same  primitive 
stock,  and  retaining  many  generalized  habits,  have  specialized  along 
morphological  lines. 

The  fact  that  the  limits  of  the  two  tribes  have  been  hard  to  define 
seems  to  point  to  this  common  origin.  Phillips  and  Emery  (1919), 
in  their  revision  of  the  genus  Harmolita,  excluded  certain  species  on 
the  basis  of  the  sculpturing  of  the  thorax  which  was  thought  to  be 
typical  of  the  Eurytomini.  Gahan  (1922)  does  not  seem  to  feel  that 
they  are  completely  justified  in  excluding  species  from  Harmolita 
on  such  a basis.  Perhaps  it  is  nearer  the  truth  to  recognize  that 
there  is  a rather  definite  merging  of  Harmolita  and  Eurytoma. 

At  any  rate  some  of  the  Eurytomini  seem  as  highly  specialized  in 
structure  as  some  of  the  Isosomini  are  in  physiological  characters. 
Neither  is  to  be  placed  above  the  other  in  the  scale  of  development. 

In  the  Decat omini.  The  Decatomini  are  more  restricted  in  their 
host  relations.  The  majority  of  species  are  parasitic  on  gall-making 
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insects  of  three  orders.  Forty-two  out  of  the  fifty-odd  described 
species  have  Hymenoptera  as  their  hosts.  Only  two  species  have 
been  reported  as  plant-feeders : they  are  doubtfully  gall-makers  on 
twigs  of  Courida  and  Ficus  (Ferriere,  1929).  Many  of  the  species 
of  Decatoma  show  evidence  of  considerable  development  in  struc- 
ture so  that  the  group  as  a whole  seems  to  combine  both  morphologic 
and  physiologic  specialization.  Their  closest  relatives  appear  to  be 
the  Eurytomini. 

In  the  Bileyini.  The  species  of  Bileya  are  parasitic  on  a single 
gall-making  family  of  insects,  Cecidomyiidae  (Diptera),  while 
Macrorileya  is  parasitic  on  the  eggs  of  tree  crickets  ( Oecanthus 
species,  Smith,  1930).  This  restriction  implies  a high  degree  of 
specialization.  The  habits  of  the  two  groups  are,  like  their  struc- 
tural characteristics,  so  different  that  they  must  be  interpreted  as 
only  distantly  related.  The  whole  tribe  appears  to  represent  a dis- 
tinct line  of  evolution  in  the  family. 

PETIOLE 

For  ready  reference  the  petiole  has  been  included  in  the  draw- 
ings of  the  abdomen  (Figs.  15-28).  The  petiole  varies  in  length 
in  the  females  of  several  genera  of  the  Eurytomidae. 

The  abdomen  of  the  primitive  insect  was  sessile.  This  sessile 
condition  is  still  found  in  many  insects  today  and  in  the  Hymen- 
optera is  typical  of  the  Tenthredinoidea.  The  occurrence,  there- 
fore, of  a petiole  is  interpreted  as  a mark  of  more  recent  develop- 
ment and  a pronounced  elongation  of  it  would  be  considered  as  a 
highly  specialized  condition. 

The  petiole  in  the  Isosomini  and  most  of  the  Eurytomini  is  very 
short  (Figs.  15-23).  Decatomidea,  however,  has  an  elongated 
petiole  which  is  three  to  four  times  as  long  as  the  petiole  found  in 
other  Eurytomini  (Fig.  24).  A definitely  elongated  petiole  is  also 
found  in  Decatoma  of  the  tribe  Decatomini  (Figs.  25  and  26)  and 
serves  as  a distinctive  characteristic  of  the  group.  Decatoma 
(Decatomini)  and  Decatomidea  (Eurytomini)  are  the  most  spe- 
cialized in  respect  to  the  length  of  the  petiole. 

The  shortest  and  most  primitive  petiole  in  the  Eurytomidae  is 
found  in  the  Rileyini  in  the  genus  Macrorileya  (Fig.  28).  Bileya 
(Fig.  27)  has  only  a slightly  longer  petiole. 

LATERAL  COMPRESSION  OF  THE  ABDOMEN 

It  is  generally  believed  that  in  most  insect  groups  a more  or  less 
cylindrical  abdomen  was  the  primitive  condition.  A cross  section 
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of  the  abdomen  of  many  of  the  Tenthredinoidea  would  have  such  a 
contour. 

In  the  relatively  primitive  genus,  Harmolita,  the  abdomen  is 
weakly  or  not  at  all  compressed  laterally  (Fig.  59).  Throughout 
the  Isosomini  this  lack  of  lateral  compression  correlates  with  the 
weakly  developed  ovipositor  and  valves  (Figs  2 and  16). 

Associated  with  the  dorsal  curvature  of  the  valves  of  the  female 
armature  in  the  higher  groups  of  the  Eurytomidae  there  is  a lateral 
compression  of  the  abdomen.  Figure  60  represents  a cross-section 
of  the  abdomen  found  in  the  majority  of  the  Eurytomini.  A certain 
amount  of  lateral  compression  is  evident.  The  extreme  in  this  com- 
pression is  characteristic  of  a few  species  of  the  genus  Eurytoma 
(e.g.,  Eurytoma  gigantea)  and  of  most  of  the  Decatomini  (Fig.  61). 
The  intermediate  stage  of  this  comparison  is  typical  of  those  forms 
with  a moderate  amount  of  development  of  the  valves  of  the  ovi- 
positors (Figs.  1-9),  while  the  greatest  degree  of  compression  is 
found  in  those  species  with  the  most  highly  developed  valves  (Figs. 
10-13  and  22). 

As  for  the  Rileyini  cross-sections  of  the  abdomens  of  Macrorileya 
and  Eileya  would  be  more  or  less  circular.  There  is  some  slight  com- 
pression of  the  abdomen  but  not  enought  to  put  these  insects  with  the 
Eurytomini.  Again  these  two  genera  seem  to  represent  a separate 
evolutionary  line  and  are  relatively  primitive  in  abdominal  shape. 

Status  of  the  Tribes  and  the  Genera 

The  morphologic  and  physiologic  data  which  have  been  presented 
in  the  preceding  pages  will  now  be  brought  together  and  correlated 
in  an  attempt  to  elucidate  the  phylogenetic  status  of  each  tribe  and 
genus  of  the  Eurytomidae  considered  in  our  study.  Table  V offers 
a brief  tabulation  of  the  various  sources  of  data. 

ISOSOMINI 

My  material  of  this  tribe  represents  only  the  one  genus,  Harmo- 
lita. Although  it  is  the  largest  genus  of  the  tribe,  I do  not  know 
how  far  my  general  conclusions  for  Harmolita  will  apply  to  the 
whole  group. 

The  validity  of  the  tribe  Isosomini  has  been  questioned  (Girault 
1915).  As  for  Harmolita  I believe  the  genus  represents  a branch 
of  evolution  distinct  from  any  other  in  the  family. 

Harmolita 

The  valves  of  the  ovipositor  in  Harmolita  show  no  dorsal  exten- 
sion. The  structure  is  weakly  developed  in  comparison  with  the 
elaborately  coiled  condition  found,  for  instance,  in  the  Decatomini. 
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The  abdomen,  as  seem  from  the  side,  does  not  exhibit  the  abnor- 
mal dorsal  elevation  which  always  accompanies  the  greater  develop- 
ment of  the  valves  in  the  Eurytomini  and  Decatomini. 

The  equal  segmentation  of  the  abdomen  is  a primitive  state. 

In  some  species  the  thorax  is  neither  greatly  enlarged,  length- 
ened, nor  shortened.  Then  the  prepectus  is  large  and  the  pronotum 
is  neither  quadrate  nor  long  and  narrow.  This  intermediate  type 
seems  to  be  the  primitive  thorax.  In  other  species  the  thorax  is  con- 
siderably elongated,  implying  specialization.  Much  of  the  elonga- 
tion is  due  to  the  long  sloping  propodeum  and  almost  quadrate 
pronotum. 

The  female  antenna  is  moderately  long  and  filiform  and  the  seg- 
ments become  sub-quadrate  in  only  a few  species.  The  flagellum 
may  be  seven-segmented  without  a club  or  six-segmented  with  a club. 

The  male  antenna  is  filiform  and  undifferentiated.  The  seg- 
ments are  long  and  cylindrical  and  lack  the  terminal  excision  typical 
of  the  Eurytomini.  There  is  no  club.  Diffuse  sensory  hairs  are 
scattered  over  the  segments  of  the  flagellum. 

A short  petiole  and  lack  of  lateral  compression  of  the  abdomen 
may  be  cited  as  added  primitive  characters. 

These  primitive  morphologic  characters  are  not  in  accord  with 
the  extreme  host  restriction.  This  physiological  specialization  not 
only  restricts  the  genus  to  one  group  of  plants,  the  Gramineae,  but 
restricts  each  insect  species  to  one  species  of  grass  as  well.  Thus 
Harmolita  seems  specialized  along  physiological  lines  while  morpho- 
logically it  has  retained  many  primitive  or  incipiently  specialized 
structures. 

Harmolita  seems  to  represent  a group  which  originated  from  the 
primitive  eurytomid  stock.  While  remaining  primitive,  structurally, 
it  became  specialized  in  its  host  relationships.  A contrary  condition 
is  found  in  Eurytoma  of  the  Eurytomini,  (q.  v.) . The  evolutionary 
picture  is  that  of  a Y,  with  Harmolita  on  one  branch  and  Eurytoma 
on  the  other.  The  common  stock  from  which  they  both  have  origi- 
nated was  apparently  generalized  morphologically  as  well  as  physio- 
logically. 

Harmolita  and  Eurytoma  blend  almost  imperceptibly  (Phillips 
and  Emery,  1919).  The  species  which  show  this  apparent  blending 
are  all  phytophagous.  The  more  primitive  members  of  the  Euryto- 
mini, Eurytomocharis  for  instance,  are  grass-feeders.  The  evidence, 
although  scant,  points  to  the  probability  that  the  primitive  stock, 
from  which  both  Harmolita  and  the  Eurytomini  have  arisen,  was  of 
a phytophagous  nature. 
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EURYTOMINI 

Table  V shows  that  this  tribe  exhibits  considerable  structural 
specialization  but  a great  variety  of  habits.  Thus  the  situation 
which  exists  in  the  Eurytomini  is  the  reverse  of  the  condition  found 
in  Harmolita  (Isosomini).  It  has  been  suggested  that  both  tribes 
probably  had  a common  origin  although  they  have  evolved  along  two 
diverging  lines. 

Parker  (1924),  on  a basis  of  a study  of  the  eggs  and  larvae  of  the 
Chalcidoidae,  offers  some  additional  evidence  that  Harmolita  and 
Eurytoma  are  closely  related.  He  groups  the  families  of  Chalci- 
doidea  into  eight  divisions,  which  he  arranges  in  order,  according  to 
the  degree  of  specialization  which  the  larvae  show.  Eurytoma  and 
Harmolita  are  placed,  together,  in  group  six  which  implies  a rela- 
tively high  degree  of  specialization  in  larval  characters. 

Eurytomocliaris 

This  small  genus  consists  of  only  six  species,  of  which  only  three 
have  known  hosts,  namely  grasses. 

The  ventral  valves  of  the  ovipositor  show  some  dorsal  extension 
which  is  correlated  with  an  anterior,  dorsal  elevation  and  a lateral 
compression  of  the  abdomen. 

The  sixth  abdominal  segment  is  enlarged  approaching  the  length 
of  segments  four  and  five  combined. 

The  thorax  is  intermediate,  with  no  great  development. 

The  female  antenna  represents  some  specialization  in  having  sub- 
quadrate segments  but  it  lacks  a definite  club.  The  male  antenna 
has  the  excised  segments,  typical  of  the  Eurytomini.  There  is  no 
club  but  the  last  two  segments  have  become  closely  associated.  This 
is  in  contrast  with  the  development  of  two  distinct  terminal  seg- 
ments in  Harmolita. 

The  petiole  is  short  and  stout. 

Eurytomocharis  appears  to  be  close  to  the  primitive  eurytomid 
stock.  The  weakly  developed  ovipositor,  the  intermediate  thorax, 
the  undifferentiated  antenna  and  the  short  petiole  are  primitive 
characteristics  but  in  the  enlarged  sixth  abdominal  segment,  the 
lateral  compression  and  the  host  restriction,  a moderate  degree  of 
specialization  is  evident.  Although  similar  to  Harmolita  in  habits 
the  structures  of  Eurytomocharis  are  typical  of  the  Eurytomini. 

Evoxysoma 

Evoxysoma  consists  of  only  five  species.  The  only  host  record 
available  is  of  a species  bred  from  grape  seeds  in  the  United  States. 
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With  such  a paucity  of  data,  conclusions  concerning  the  biology  of 
Evoxysoma  would  be  premature. 

The  ventral  valves  of  the  ovipositor  show  a greater  degree  of 
dorsal  extension  than  in  Eurytomocharis  and  also  the  dorsal  valves 
show  some  dorsal  curvature. 

The  abdomen  is  elongated  through  an  enlargement  of  the  sixth 
segment,  which  is  larger  than  segments  four  and  five  combined. 

In  the  thoracic  and  male  antennal  characteristics  and  in  the  short 
petiole  and  lateral  compression,  Evoxysoma  corresponds  to  Euryto- 
mocharis. The  female  antenna  is  more  moniliform. 

Evoxysoma,  in  the  ovipositor  characteristics,  the  enlarged  sixth 
abdominal  segment,  the  lateral  compression,  the  excised  male  an- 
tenna and  in  general  appearance  resembles  a true  Eurytomini 
rather  than  an  Isosomini  where  it  was  placed  by  Ashmead  (1904). 
Based  on  the  above  evidence  I have  considered  it  as  one  of  the 
Eurytomini  in  this  study.  The  only  thing  which  it  has  in  common 
with  the  Isosomini  is  its  phytophagous  habit  but  even  here  it  differs 
from  the  Isosomini  by  feeding  in  grape  seeds  rather  than  in  grasses. 

Evoxysoma  appears  only  moderately  specialized.  The  jhort 
petiole,  the  lack  of  extreme  distortion  of  the  abdomen,  the  moderate 
lateral  compression  and  the  intermediate  thorax  indicate  only  slight 
development.  Some  specialization  appears,  however,  in  the  enlarged 
sixth  segment,  the  moniliform  antenna  of  the  female  and  the  dorsal 
extension  of  the  valves  of  the  ovipositor.  It  seems,  therefore,  to  be 
of  rather  primitive  eurytomid  stock. 

Eurytoma 

This  genus  is  the  largest  in  the  whole  family.  It  is  composed 
of  a great  variety  of  forms  representing  a multiplicity  of  habits 
and  structures  which  incorporate  characteristics  of  all  the  other 
genera  of  the  Eurytomini.  It  is  parasitic  on  six  orders  of  insects. 
Some  twenty-two  or  more  species  are  phytophagous,  occurring  on  a 
great  variety  of  plants. 

The  sixth  abdominal  segment  is  enlarged,  equalling  segments 
four  and  five  combined.  The  abdomen  is  more  or  less  laterally  com- 
pressed so  that  in  cross-section  it  would  appear  oval.  However, 
the  extreme  lateral  compression  characteristic  of  Decatoma  (Deca- 
tomini)  is  found  in  several  species  of  Eurytoma. 

The  ovipositor  is  moderately  developed.  Both  dorsal  and  ven- 
tral valves  turn  dorsally.  In  a few  species  the  ventral  valves  turn 
posteriorly  at  the  peak  of  their  dorsal  extension,  as  in  the  Deca- 
tomini. 
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The  intermediate  thorax  of  the  majority  of  species  becomes  defi- 
nitely shortened  in  a few  species  and  is  correlated  with  a small  pre- 
peetus,  a short  propodeum  and  a long  and  narrow  pronotum.  In 
still  other  species  there  is  an  increase  in  the  size  of  the  thorax. 

The  antenna  in  the  female  may  be  filiform  or  clavate  and 
shortened.  The  scape  and  pedicel  are  never  elongated  as  in  the 
Decatomini  and  one  ring  joint  is  characteristic.  The  segments  of 
the  flagellum  may  be  cylindrical  or  approximately  quadrate.  The 
male  antenna  is  remarkably  constant,  having  excised  segments,  with 
the  two  terminal  segments  closely  applied,  and  a length  that  always 
exceeds  that  of  the  female.  Two  whorls  of  long  sensory  hairs  are 
located  on  segments  two,  three,  four  and  five  of  the  flagellum. 

The  petiole  is  constantly  short  and  stout. 

Until  we  can  make  a critical  taxonomic  study  of  the  genus 
Eurytoma  the  interpretations  of  its  relationships  do  not  rest  on  too 
firm  a foundation.  Nevertheless  our  study  seems  to  warrant  the 
statement  that  Eurytoma,  as  a group,  seems  to  occupy  an  intermedi- 
ate position  in  the  evolutionary  history  of  the  Eurytomini.  Walker 
(1871)  believed  that  Eurytoma  represented  the  hub  from  which 
radiated  most  of  the  other  genera  which  then  made  up  the  family. 
Certainly,  as  it  stands  today,  it  exhibits  many  diverging  paths  of 
evolution  which  have  led  to  groups  of  species  resembling  in  one  or 
more  characters  many  of  the  other  more  clearly  defined  genera. 

Eurytoma  shows  many  structural  specializations.  These  include 
the  more  highly  developed  ovipositor,  the  enlarged  sixth  abdominal 
segment,  the  lateral  compression  of  the  abdomen,  differentiation  of 
the  male  and  female  antenna  and  various  modifications  of  the 
thorax,  all  of  which  are  evidences  of  more  specialized  development. 
Many  of  these  structures  become  more  extreme  in  other  genera  of 
the  Eurytomini.  In  habits,  however,  the  genus  is  quite  generalized, 
containing  both  parasitic  and  phytophagous  forms.  The  majority 
of  the  parasitic  species  are  recorded  from  gall-making  insects  but 
they  may  have  several  gall-making  hosts  and  there  is  no  restriction 
to  any  particular  group  of  plants  or  animals  comparable  to  that 
found  in  Harmolita.  Morphological  specialization  has  been  carried 
to  such  a degree  of  development  in  some  of  the  Eurytomini  that 
many  species  seem  to  be  as  highly  specialized  structurally  as  the 
species  of  Harmolita  are  physiologically.  The  Eurytomini,  which 
represent  one  prong  of  a Y-shaped  evolutionary  figure,  have  pro- 
gressed toward  morphological  specialization  while  the  Isosomini, 
which  represent  the  other  prong,  have  progressed  toward  physiologi- 
cal specialization. 
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Three  species  of  Eurytoma,  showing  both  phytophagy  and  para- 
sitism during  their  life  history,  have  been  described  (Phillips,  1918 
and  1927;  Rimsky-Korsakov,  1914;  and  Neilsen,  1906).  Some 
authors  have  interpreted  them  as  transitions  from  parasitism  to 
plant-feeding  (Gahan,  1922,  and  Phillips,  1927).  It  is  not  impos- 
sible to  read  the  evidence  in  the  opposite  direction.  This  ability  to 
assume  either  condition  might  be  considered  as  a very  generalized 
physiological  state  which  is  able  to  accomodate  itself  to  either  type 
of  feeding,  with  fixed  parasitism  and  plant-feeding  emerging  as  two 
diverging  evolutionary  developments.  The  evidence  presented  in 
the  preceding  pages  indicates  that  the  most  primitive  members  of 
the  Eurytomidae  are  plant-feeders. 

Bruchophagus 

Bruchophagus  is  typical  of  the  Eurytomini  in  its  ovipositor  and 
abdominal  characteristics.  A moderate,  dorsal  extension  of  the  ovi- 
positor and  valves  is  accompanied  by  a moderate  elevation  of  the 
abdomen,  anteriorly.  The  sixth  abdominal  segment,  however,  does 
not  show  much  enlargement,  being  only  equal  to  or  slightly  larger 
than  segment  five.  There  is  a moderate  lateral  compression  of  the 
abdomen. 

The  thorax  is  quite  stout  and  enlarged  and  definitely  shortened. 
As  a result  the  propodeum  is  short  and  abrupt  and  the  pronotum 
long  and  narrow. 

Specialization  is  evident  in  the  well  differentiated  female  an- 
tenna. There  is  a six-segmented  flagellum  with  sub-quadrate  seg- 
ments and  a distinct  club.  The  whole  structure  is  more  compact 
and  shortened  than  in  Eurytomocharis,  Evoxysoma  or  Eurytoma. 
In  the  male  antenna  the  last  three  terminal  segments  are  grouped 
into  a weak  club. 

The  petiole  is  short. 

Bruchophagus  appears  generalized  in  habits.  Of  the  eleven 
described  species,  four  are  parasitic  and  five  are  seed-feeders.  The 
host  relations  of  the  remaining  two  species  are  not  known. 

In  abdominal  segmentation,  short  petiole  and  generalized  host 
relations  Bruchophagus  seems  primitive.  In  antennal  and  thoracic 
characters  the  genus  seems  specialized.  In  general  it  seems  evident 
that  this  group  is  only  incipiently  specialized  and  has  retained 
several  primitive  conditions  which  indicate  its  origin  from  primitive 
eurytomid  stock. 

Prodecatoma 

Of  the  twelve  species  of  Prodecatoma  only  one  is  found  in  the 
United  States,  infesting  grape  seeds.  The  majority  of  the  species 
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are  plant-feeders  in  seeds  of  apricots,  plums,  grapes  and  other  fruits, 
while  one  species  has  been  reported  from  India  as  parasitic  on  a 
Coleopterous  larva  (Da  Costa  Lima  1914). 

The  ovipositor  of  the  single  American  species  shows  a high  degree 
of  development.  The  valves  coil  dorsally  and  then  turn  posteriorly. 
The  whole  structure  represents  the  most  powerful  boring  tool  in  the 
Eurytomini. 

The  sixth  abdominal  segment  is  elongated  and  is  more  than  equal 
to  the  fourth  and  fifth  segments  combined.  In  P.  philodendri  Fer- 
riere  (1924),  from  Paraguay,  the  sixth  segment  is  said  to  be  only 
slightly  larger  than  number  five,  indicating  some  variation  in  this 
genus  in  abdominal  segmentation. 

The  thorax  is  of  the  intermediate  type.  The  pronotum,  however, 
is  more  or  less  quadrate  in  form  indicating  some  specialization. 

The  moniliform  female  antenna  shows  some  specialization.  The 
male  antenna  is  even  more  striking.  The  segments  are  long  and 
dumb-bell  shaped  and  one  long  whorl  of  hairs  is  attached  to  each 
rounded  end  of  the  first  five  segments  of  the  flagellum.  The  two 
terminal  segments  are  close  together.  While  thus  deviating  from 
the  male  antenna,  typical  in  the  Eurytomini,  the  Prodecatoma  an- 
tenna still  has  two  closely  applied  distal  segments,  whorls  of  hairs, 
and  indication  of  excised  segments  which  point  to  its  derivation 
from  the  typical  antenna. 

The  most  highly  developed  ovipositor  in  the  Eurytomini  is  found 
in  the  genus  Prodecatoma  and  that  coupled  with  the  enlarged  sixth 
segment  of  the  abdomen  in  some  species,  the  specialized  male  an- 
tenna and  the  considerable  lateral  compression  suggests  that  Pro- 
decatoma shows  considerable  development.  On  the  other  hand,  the 
variation  in  abdominal  segmentation  and  the  intermediate  thorax 
suggest  primitive  affinities. 

Prodecatoma  is  the  only  genus  in  which  such  an  extreme  devel- 
opment of  the  ovipositor  and  its  valves  occurs  in  plant-feeding  spe- 
cies. The  phytophagous  species  of  Harmolita,  Eurytomo charis, 
Evoxysoma,  Bruchophagus  and  Eurytoma  have  very  weakly  devel- 
oped ovipositors  and  valves. 

Decat  omidea 

This  is  another  relatively  small  genus  of  only  five  species.  Only 
two  of  the  five  have  recorded  hosts  and  both  are  phytophagous.  I 
have  bred  a species  from  Cynipid  galls  on  rose  and  blackberry.  The 
species  seems  to  be  parasitic  but  until  its  life  history  is  completely 
worked  out  its  exact  relationships  will  remain  uncertain. 
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The  petiole  is  unusually  long  for  the  Eurytomini.  The  sixth 
abdominal  segment  is  greatly  enlarged,  occupying  two  thirds  of  the 
dorsal  surface  of  the  abdomen.  The  abdomen  is  circular  in  profile 
as  is  never  found  in  the  primitive  Eurytomini.  There  is  only  a 
moderate  amount  of  lateral  compression. 

The  ovipositor  and  valves  are  not  especially  developed. 

The  thorax  is  enlarged  and  exhibits  shortening  which  is  more 
noticeable  because  of  the  short,  abrupt  propodeum  and  long  narrow 
pronotum. 

The  flagellum  of  the  female  antenna  has  a definite  club  and  the 
segments  are  sub-quadrate.  Segments  two,  three  and  four  of  the 
male  flagellum  are  triangular  in  shape  with  one  whorl  of  long  hairs, 
instead  of  the  characteristic  two. 

In  all  the  structures  considered  in  this  study  Decat omidea  shows 
considerable  specialization  with  the  exception  of  the  ovipositor  and 
its  valves.  It  seems  to  represent  one  of  the  most  highly  specialized 
genera  of  the  Eurytomini. 

DECATOMINI 

This  appears  to  be  a rather  homogeneous  group.  It  is  highly 
specialized  both  morphologically  and  physiologically  and  reaches  a 
higher  stage  of  development  than  either  the  Isosomini  or  Euryto- 
mini. Their  closest  relatives  seem  to  be  the  Eurytomini. 

Decatoma 

This  tribe  is  made  up  of  one  large  genus,  Decatoma.  Little  is 
known  about  their  biology.  Triggerson  (1914)  has  published  the 
only  life  history;  his  species  (D.  flava)  was  an  endoparasite,  Other 
species  in  the  genus  are  reported  as  parasitic  on  three  orders  of  gall- 
making insects.  Most  of  the  hosts  are  cynipids.  Two  species  are 
recorded  as  phytophagous,  one  of  these  being  a true  gall  maker 
(Ferriere  1929).  As  parasites,  the  members  of  this  genus  repre- 
sent a higher  degree  of  specialization  than  that  in  Eurytoma. 

The  ovipositor  is  a powerful  structure,  curling  upon  itself  in 
the  abdomen  like  a watch  spring.  Lateral  compression  reaches  its 
most  extreme  development  in  the  Decatomini.  The  sixth  segment, 
and  in  many  species  the  seventh  segment,  is  enlarged,  but  neither 
one  is  as  much  enlarged  as  the  sixth  in  the  Eurytomini.  An  elon- 
gated petiole  is  one  of  the  characteristics  of  the  tribe. 

The  thorax  is  considerably  enlarged  in  relation  to  the  rest  of  the 
body  and  the  pronotum  is  quadrate. 

The  elongated  scape  and  pedicel  of  the  male  and  female  antenna 
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is  a characteristic  of  Decatoma.  In  most  cases  the  scape  is  nearly 
as  long  as  the  rest  of  the  antenna.  The  joints  of  the  flagellum  are 
sub-quadrate  and  a club  is  found  in  the  male  as  well  as  in  the  female. 
The  five-segmented  male  flagellum  is  a specialization  found  nowhere 
else  in  the  Eurytomidae. 

Decatoma  is  a highly  specialized  genus  of  the  family  Euryto- 
midae. The  much  coiled  and  powerful  ovipositor  finds  its  equal 
only  in  the  species  of  Prodecatoma  (of  the  Eurytomini).  The 
extreme  lateral  compression,  the  enlarged  thorax  and  the  presence 
of  a club  in  both  the  male  and  female  antenna  all  combine  to  indi- 
cate a highly  specialized  condition  which  is  not  found  in  either  the 
Isosomini  or  Eurytomini. 

RILEYINI 

Ashmead  (1904)  bases  this  tribe  almost  solely  on  the  presence  of 
three  ring  joints  in  the  antenna.  In  my  material  the  only  additional 
character  found  in  both  Bileya  and  Macrorileya  is  the  three,  small, 
anterior  segments  of  the  abdomen. 

Rileyini  seems  to  rank  high  in  the  Eurytomidae  with  many  evi- 
dences of  specializations,  but  such  primitive  structures  as  the  weakly 
developed  ovipositor,  the  intermediate  thorax,  the  short  petiole,  and 
the  lack  of  lateral  compression,  suggest  an  origin  directly  from  the 
primitive  eurytomid  stock. 

This  tribe  represents  a line  of  evolution  independent  from  the 
Isosomini,  Eurytomini  and  Decatomini. 

The  distant  relationship  of  the  Rileyini  with  the  other  three 
tribes  is  indicated  by  the  work  of  Parker  (1924),  already  mentioned 
under  the  Eurytomini.  He  studied  larvae  of  a species  of  the  genus 
Archirileya,  which,  along  with  Bileya , Neorileya,  Pararileya  and 
Macrorileya,  constitute  the  tribe  Rileyini.  Archirileya,  in  his  final 
grouping  of  the  families  of  the  Chalcidoidea,  is  placed  in  the  second 
division,  indicating  less  specialization  in  larval  characteristics  than 
was  found  in  Eurytoma  and  Harmolita,  which  were  placed  in  the 
sixth  division. 

Macrorileya 

The  only  described  species  of  this  tribe  has  been  bred  from  tree 
cricket  eggs  (Smith  1930). 

The  ovipositor  and  valves  show  no  dorsal  extension  but  are 
greatly  elongated  and  this  may  indicate  some  specialization.  There 
is  no  evidence  of  lateral  compression  of  the  abdomen. 

The  first  three  abdominal  segments  are  quite  small  and  are  con- 
fined to  the  anterior  fourth  of  the  abdomen.  In  several  specimens 
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which  I have  bred  there  appears  to  be  a fusion  of  segments  three  and 
four.  Segments  six,  seven  and  eight  are  elongated  but  are  uniform 
in  size.  The  general  contour  of  the  abdomen  is  primitive  but  the 
elongated  segments  suggest  some  specialization. 

The  moderately  elongated  thorax  is  unusually  small  with  the 
quadrate  pronotum  being  the  only  noticeable  development. 

The  female  antenna  is  short  and  compact  with  an  evident  club 
and  three  ring  joints.  Males  are  apparently  rare  for  I have  bred  a 
couple  of  dozen  females  but  only  one  male. 

The  petiole  is  so  short  that  the  abdomen  appears  almost  sessile. 

This  genus  appears  highly  specialized  in  its  elongated  abdomen 
and  abdominal  segments,  presence  of  three  ring  joints,  and  the  host 
restriction.  Lack  of  specialization,  however,  is  exhibited  in  its 
absence  of  lateral  compression  of  the  abdomen,  its  small  thorax,  its 
weakly  developed  ovipositor  and  its  short  petiole.  The  position  of 
the  genus,  however,  remains  uncertain.  Its  long  cylindrical  abdo- 
men, and  the  presence  of  three  ring  joints  indicate  that  the  genus  is 
definitely  removed  from  the  path  of  evolution  of  the  other  three 
tribes. 

Rileya 

Some  fifteen  species  of  Rileya  are  described  of  which  only  seven 
have  known  hosts  (Gahan  1918).  These  hosts  are  all  in  one  family 
of  Diptera,  the  Cecidomyiidae  or  the  gall  gnats,  which  represents 
specialization  of  a high  degree. 

The  genus  is  specialized  in  several  other  respects.  The  fifth  or 
sixth  abdominal  segment  is  always  greatly  enlarged,  (the  number- 
ing of  the  segments  depending  on  whether  there  is  fusion  of  segments 
three  and  four).  The  enlarged  segment  occupies  most  of  the  dorsal 
surface  of  the  abdomen  and  the  anterior  segments  appear  as  two  or 
three  small  plates.  This  is  greater  specialization  than  anything 
found  in  the  Eurytomini  or  Decatomini. 

The  short  thorax  completely  lacks  a prepectus  although  there  is 
evidence  of  its  fusion  with  the  front  of  the  thorax.  A long,  narrow 
pronotum  is  present. 

The  female  antenna,  with  its  three  ring  joints,  is  comparable  to 
that  of  Macrorileya.  I have  been  unable  to  secure  any  males. 

Rileya  appears  primitive  in  its  short  petiole,  weakly  developed 
ovipositor  and  valves,  and  lack  of  lateral  compression. 

This  genus,  like  Macrorileya,  is  highly  specialized  in  many  char- 
acteristics, and  in  the  enlargement  of  the  fifth  (or  sixth)  abdominal 
segment  surpasses  everything  else  in  the  family.  I am  inclined  to 
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believe  that  in  spite  of  its  primitive  structures,  it  is  a very  highly 
specialized  genus,  distantly  related  to  Macrorileya. 

Macrorileya  and  Rileya  are,  however,  so  different  that  they  must 
have  split  far  back  in  the  evolution  of  the  tribe  Rileyini.  They 
resemble  each  other  only  in  possessing  three  ring  joints  and  in  the 
two  or  three  small  anterior  abdominal  segments. 

Summary 

The  results  may  be  summarized  as  follows : 

1.  Evolutionary  development  of  the  female  genitalia  proceeds 
from  a primitive  condition  in  which  there  is,  internally,  no  dorsal 
extension  of  the  valves  ( Harmolita , Macrorileya  and  Rileya),  to  a 
specialized  state  in  which  there  is  dorsal  extension  with  a posterior 
curvature  of  the  valves  (Eurytomini  and  Decatomini) . 

2.  Equal  segmentation  in  the  abdomen  is  primitive  (Harmolita)  ; 
the  enlargement  of  any  segment  is  more  specialized.  The  sixth  seg- 
ment is  so  enlarged  in  the  Eurytomini;  the  sixth,  the  seventh,  or 
both  in  the  Decatomini ; the  fifth  or  sixth  in  the  Rileyini. 

3.  The  thorax  is  specialized  when  elongated,  with  a long  sloping 
propodeum  and  a quadrate  pronotum  (some  Harmolita  species),  or 
when  shortened  with  an  abrupt  propodeum  and  a long  and  narrow 
pronotum  (some  Eurytomini).  Enlargement  of  the  whole  thorax 
in  relation  to  body  length  (Decatomini)  and  lack  of  a prepectus  are 
also  specializations  (Riley a of  the  Rileyini).. 

4.  A female  antenna  with  a six  segmented  flagellum  and  a club 
(some  Isosomini  and  Eurytomini;  all  Decatomini  and  Rileyini)  rep- 
resents more  recent  development  than  a long,  filiform,  seven  seg- 
mented flagellum  without  a club  (some  Isosomini  and  Eurytomini). 
Elongation  of  the  scape  and  pedicel  (Decatomini)  and  more  than 
one  ring  joint  (Rileyini)  are  evidences  of  more  advanced  develop- 
ment. 

5.  The  generalized  male  antenna  is  filiform,  with  cylindrical  seg- 
ments and  diffusely  scattered,  sensory  hairs  (Isosomini  and  some 
Eurytomini).  Specialization  is  seen  in  the  excision  of  the  segments 
of  the  flagellum  (Eurytomini),  the  grouping  together  of  the  terminal 
two  or  three  joints  to  form  a club  (some  Eurytomini  and  all  Deca- 
tomini and  Rileyini)  and  the  arrangement  of  the  sensory  hairs  in 
definite  whorls  (Eurytomini) . 

6.  The  groups  with  the  greatest  variety  of  hosts  (Eurytomini) 
are  more  primitive  than  those  with  restricted  hosts  (Decatomini, 
Isosomini  and  Rileyini). 

7.  Specialization  may  proceed  along  morphological  lines  (Eury- 
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tomini),  physiological  lines  (host  relations  in  Isosomini  and  Riley- 
ini),  or  both  lines  (Decatomini) . Specialization  in  habits,  there- 
fore, does  not  necessarily  accompany  specialization  in  structure  or 
vice  versa. 

8.  Elongation  of  the  petiole  is  a mark  of  specialization  (in  the 
Eurytomini  the  genus  Decatomidea  and  all  the  Decatomini).  , 

9.  Lateral  compression  of  the  abdomen  is  correlated  with  pro- 
gressive development  of  the  valves  of  the  ovipositor  (no  trace  in 
Harmolita  and  the  Rileyini ; medium  amount  in  most  of  the  Eury- 
tomini; greatest  amount  in  the  Decatomini). 

10.  Harmolita  is  morphologically  primitive  (equal  abdominal 
segmentation,  weak  ovipositor,  generalized  thorax  and  antenna, 
short  petiole  and  no  lateral  compression)  but  physiologically  highly 
specialized  (host  relations).  Harmolita  represents  one  branch  of  a 
Y shaped  evolutionary  figure  and  has  originated  from  primitive 
eurytomid  stock. 

11.  The  Eurytomini  are  highly  specialized  morphologically  (en- 
larged sixth  abdominal  segment,  dorsal  extension  of  ovipositor 
valves,  lateral  compression,  and  specialized  thorax  and  antenna)  but 
generalized  physiologically  (host  relations)  and  appear  to  represent 
the  other  branch  of  the  Y shaped  evolutionary  figure. 

12.  Eurytomocharis  is  a primitive  group  of  the  Eurytomini  (on 
weak  ovipositor,  generalized  thorax  and  antenna,  and  short  petiole). 

13.  Evoxysoma  is  not  one  of  the  Isosomini  but  one  of  the  Eury- 
tomini (in  dorsal  extension  of  ovipositor  valves,  enlarged  sixth  ab- 
dominal segment,  excised  male  antenna  and  thoracic  characters). 
It  is  only  incipiently  specialized. 

14.  Bruchophagus  presents  some  specialized  (antenna  and  short 
thorax)  and  some  primitive  characters  (equal  segmentation  of  the 
abdomen,  short  petiole  and  weak  ovipositor).  It  seems  to  have  had 
an  ancient  origin. 

15.  Eurytoma  is  a heterogeneous  group  which  has  primitive  and 
specialized  members.  As  a whole,  however,  it  appears  to  occupy  a 
median  position  in  the  Eurytomini  and  to  be  incipiently  specialized 
(sixth  abdominal  segment  moderately  enlarged,  as  well  as  moderate 
lateral  compression,  extension  of  the  ovipositor  valves,  etc.). 

16.  Prodecatoma  is  highly  specialized  in  several  characteristics 
(enlarged  sixth  abdominal  segment,  powerful  ovipositor  and  con- 
siderable lateral  compression)  but  has  some  primitive  structures  and 
habits  (generalized  thorax,  short  petiole,  and  variety  of  hosts)  which 
seem  to  indicate  ancient  affinities.  The  well  developed  ovipositor, 
which  exceeds  anything  that  is  found  elsewhere  in  the  Eurytomini, 
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implies,  however,  that  this  genus  is  a highly  specialized  member  of 
the  tribe. 

17.  Decatomidea  is  the  most  highly  specialized  genus  of  the 
Eurytomidae  which  we  have  studied.  This  specialization  is  shown 
by  all  structures  except  the  ovipositor. 

18.  Decatoma  is  more  highly  specialized  morphologically  and 
physiologically  than  Eurytoma,  (extreme  lateral  compression  of  the 
abdomen,  powerful  ovipositor,  long  petiole,  elongated  scape  and 
pedicel  and  presence  of  a club  in  both  male  and  female  antenna ; in 
habits,  it  is  generally  restricted  to  parasitizing  gall-making  insects 
of  three  orders).  It  is  closely  related  to  the  Eurytomini  and  must 
have  originated  from  incipiently  specialized  stock  of  the  Eurytomini. 

19.  Macrorileya,  is  primitive  in  some  respects  (weak  ovipositor, 
lack  of  lateral  compression,  short  petiole  and  generalized  thorax) 
and  specialized  in  others  (host  restriction,  elongated  abdomen  and 
three  ring  joints  in  the  antenna)  but  just  what  its  position  is  or  its 
relation  to  Rileya  is  doubtful. 

20.  Rileya  is  highly  specialized  in  both  habits  (host  restriction) 
and  structure  (enlarged  sixth  abdominal  segment,  three  ring  joints 
in  antenna,  absence  of  prepectus  in  the  thorax). 

21.  Rileya  and  Macrorileya  are  so  different  in  structure  and 
habits  that  they  must  have  split  very  early  in  the  evolution  of  the 
tribe. 

22.  The  Isosomini,  Eurytomini  and  Decatomini  represent  three 
different  paths  of  evolution,  which  are,  nevertheless,  closely  related. 
The  Rileyini,  however,  represent  an  evolutionary  path  considerably 
removed  from  the  other  three  tribes. 

23.  Whether  the  primitive  eurytomid  stock  was  parasitic,  phyto- 
phagous or  both  is  uncertain  but  the  evidence  favors  a plant-feeding 
origin. 
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Plate  X 

(Figures  1-2  and  4-10,  lateral  views;  Figure  3,  dorsal  view. 
For  drawings  of  genitalia  insects  enlarged  to  100  mm.) 

1.  Genitalia  of  Eurytoma  sp. 

2.  Genitalia  of  Harmolita  sp. 

3.  Genitalia  of  Harmolita  sp. 

4.  Genitalia  of  Eurytomocharis  sp. 

5.  Genitalia  of  Decat omidea  sp. 

6.  Genitalia  of  Bruckophagus  sp. 

7.  Genitalia  of  Evoxysoma  sp. 

8.  Genitalia  of  Eurytoma  sp. 

9.  Genitalia  of  Eurytoma  sp. 

Figure  10.  Genitalia  of  Eurytoma  sp. 
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Figure  11. 
Figure  12. 
Figure  13. 
Figure  14. 


Plate  XI 
Lateral  views 

Genitalia  of  Prodecatoma  sp. 
Genitalia  of  Decat oma  sp. 
Genitalia  of  Decatoma  sp. 
Genitalia  of  Macrorileya  sp. 


(For  drawings  of  abdomen  insects  enlarged  to  125  mm.) 


Figure 

15. 

Figure 

16. 

Figure 

17. 

Figure 

18. 

Figure 

19. 

Figure 

20. 

Figure 

21. 

Abdomen  of  Harmolita  sp. 

Abdomen  and  Genitalia  of  Harmolita  sp. 
Abdomen  of  Bruchophagus  sp. 

Abdomen  of  Eurytomocharis  sp. 
Abdomen  of  Evoxysoma  sp. 

Abdomen  of  Eurytoma  sp. 

Abdomen  of  Eurytoma  sp. 
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Plate  XII 
Lateral  views 


Figure  22. 
Figure  23. 
Figure  24. 
Figure  25. 
Figure  26. 
Figure  27. 
F(igure  28. 


Abdomen 

Abdomen 

Abdomen 

Abdomen 

Abdomen 

Abdomen 

Abdomen 


and  Genitalia  of  Eurytoma  sp. 

of  Prodecatoma  sp. 

of  Decatomidea  sp.  1 

of  Decat oma  sp. 

of  Decat  oma  sp. 

of  Riley  a sp. 

of  Macrorileya  sp. 


(For  drawings  of  thoraces  insects  enlarged  to  125  mm.) 
Figure  29.  Thorax  of  Harmolita  sp.  (PARAP.  parapsidal  grooves ; 

PROP,  propodeum ; PPCT.  prepectus ; PRON.  pro- 
notum.) 

Figure  30.  Thorax  of  Harmolita  sp. 
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Plate  XIII 
Lateral  views 


Figure  31. 
Figure  32. 
Figure  33. 
Figure  34. 
Figure  35. 
Figure  36. 
Figure  37. 
Figure  38. 
Figure  39. 


Thorax  of  Eurytomocharis  sp. 
Thorax  of  Eurytoma  sp. 
Thorax  of  Eurytoma  sp. 
Thorax  of  Eurytoma  sp. 
Thorax  of  Bruckophagus  sp. 
Thorax  of  Decat  omidea  sp. 
Thorax  of  Decat oma  sp. 
Thorax  of  Riley  a sp. 

Thorax  of  Macrorileya  sp. 
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Plate  XIY 


(Fior  drawings  of  antennae  insects  enlarged  to  175  mm.) 


Figure  40. 
Figure  41. 
Figure  42. 
Figure  43. 
Figure  44. 
Figure  45. 
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PREFACE 

Since  the  publication  of  Forel’s  Senses  of  Insects  about  1908, 
there  has  been  no  general  publication  extant  concerning  this  fasci- 
nating field  of  study.  The  following  pages  represent  a digest  of 
the  researches  carried  on  by  students  since  1900.  On  the  part  of 
the  author  it  represents  over  ten  years  of  spare  time  work,  both 
bibliographic  and  in  the  form  of  original  research. 

We  have  come  a long  way  since  the  time  of  Forel.  The  quantity 
of  published  material  concerning  all  phases  of  insect  physiology  is 
enormous : that  on  senses  alone  may  be  conservatively  estimated,  if 
collected  and  concentrated,  to  constitute  twenty  large  volumes  ! Thus 
for  the  specialist  to  read  through  this  material  requires  much  time ; 
while  for  the  casual  student,  especially  if  he  be  unacquainted  with 
French  and  German,  the  task  is  at  least  discouraging.  The  purpose 
of  this  work  is  to  simplify  the  task  for  both  the  specialist  and  the 
student  of  wider  interests,  and  to  introduce  to  the  latter  an  intensely 
interesting  subject. 

Very  little  space  has  been  devoted  to  techniques.  Not  only  does 
every  research  problem  demand  a new  set  of  methods  which  must 
be  provided  by  the  student  himself ; but  these  methods  are  changed 
and  improved  so  rapidly  that  a “textbook  of  methods’’  is  valueless 
almost  as  soon  as  it  appears. 

An  effort  has  been  made  to  introduce  very  little  speculative  ma- 
terial. Only  the  last  chapter,  a short  one,  is  philosophical.  If  that 
chapter,  and  the  work  as  a whole,  appears  a little  hard  on  the  mech- 
anists, they  may  comfort  themselves  with  the  reflection  that  mech- 
anists, vitalists,  etc.,  are  born  and  not  made. 

Because  it  has  been  my  experience  that  a plethora  of  footnotes 
is  a nuisance  rather  than  an  aid  to  the  reader,  these  have  been  re- 
duced to  a minimum.  All  references  to  the  Bibliography  are  by  num- 
ber, and  may  be  temporarily  ignored  if  the  reader  so  desires.  For 
similar  reasons  the  Appendices  are  short  and  references  to  them  few. 
To  save  space  the  titles  of  papers  in  the  Bibliography  have  been 
omitted.  With  few  exceptions  these  have  been  read  by  the  author ; 
in  all  cases  the  material  they  contain  is  known.  The  Bibliography 
does  not  include  everything  published,  but  is  rather  a selection  of 
the  more  important  and  thorough  study  of  phases  of  the  subject. 
Reference  to  the  papers  given  will,  in  most  cases,  disclose  any  others 
of  interest  or  importance. 

I wish  to  thank  all  these  who,  in  many  cases  unknowingly,  have 
contributed  toward  the  making  of  this  study.  More  especially  do 
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I wish  to  thank  Dr.  Alfred  E.  Emerson  for  criticism  of  the  work, 
and  my  wife  for  copying  and  revising  it. 

I 

The  Nervous  System  of  Insects 

The  nervous  system  and  sense  organs  of  an  animal  are  the  mecha- 
nisms through  which  it  adjusts  itself  to  its  surroundings.  The  insect 
possess  in  a highly  developed  and  efficient  state  this  go-between,  this 
Galeoto : the  series  of  devices  which  convey  impulses  from  the  outer 
world  to  muscles  and  glands,  thus  activating  them  to  bring  their 
owner  into  a more  perfect  relationship  with  the  world  by  which  it 
is,  surrounded. 

The  nervous  system  of  the  insect  is  strung  along  its  belly  just 
inside  the  muscles  of  the  body  wall.  It  consists  of  several  swellings 
or  ganglia,  connected  in  a linear  series  by  a double  strand  of  nervous 
tissue.  From  each  ganglion  other  fibers  ramify  to  the  adjacent 
parts  of  the  body. 

Actually  there  exists  no  living  insect  in  which  the  number  of 
ganglia  corresponds  exactly  with  the  number  of  body  divisions,  ex- 
cept in  the  embryo.  Even  larvae  have  the  head  ganglia  united  to 
form  a mass  known  as  the  brain  or  supraoesophageal  ganglion.  In- 
cidentally, this  is  the  only  part  of  the  nervous  system  lying  above 
the  digestive  tract.  From  it  two  nerve  strands,  one  on  either  side 
of  the  oesophagus,  pass  to  the  suboesophageal  ganglion,  which 
likewise  represents  a fusion  of  ganglia.  From  the  suboesophageal 
ganglion  a double  cord  passes  to  the  first  thoracic  ganglion ; this  is 
connected  in  a similar  manner  with  the  ganglion  that  follows,  and 
so  on. 

Even  the  body  ganglia  are  fused  in  some  insects.  The  dragonfly 
larva,  with  its  eight  abdominal  ganglia,  appears  to  differ  from  the 
adult  which  has  apparently  only  seven ; because  during  development 
the  first  abdominal  ganglion  fuses  with  the  adjacent  ganglion  of  the 
thorax.  Similarly,  the  abdominal  ganglia  of  the  honey  bee  adult 
are  reduced  to  five.  In  most  water  bugs  all  of  the  abdominal  and 
thoracic  ganglia  compose  a single  mass.  But  the  acme  of  fusion  is 
found  in  the  larvae  of  muscid  flies,  which  have  all  of  the  ganglia 
united  to  form  a peculiar  body  somewhat  resembling  in  outline  an 
inverted  pistol.  In  the  adult  the  nervous  system  is  scarcely  less 
compact,  the  two  head  ganglia  being  distinct,  but  those  of  the  thorax 
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and  abdomen  forming  a single  mass.  It  is  possible  to  paralyse  or 
kill  a fly  by  thrusting  a pin  into  this  ganglion. 

The  unit  of  the  nervous  system  is  the  nerve  cell  or  neuron.  This 
consists  of  the  cell  body  proper,  and  two  or  more  extensions  or 
strands.  One  of  these  strands  communicates  with  a sense  organ, 
or  with  the  fiber  of  another  cell.  It  carries  impulses  to  the  cell,  and 
hence  is  sometimes  called  afferent.  The  remaining  fiber  communi- 
cates with  a muscle,  gland,  or  the  afferent  fiber  of  another  nerve  cell. 
It  conducts  impulses  away  from  the  cell  body,  i.e.,  it  is  efferent. 
Whole  series  of  these  cells  communicate  with  one  another,  not  only 
in  linear  series,  but  in  a ramal  manner  as  well ; for  the  fibers  of  a 
nerve  cell  are  almost  invariably  branched.  Thus  an  impulse  reach- 
ing even  one  nerve  cell,  may  be,  as  we  shall  soon  find,  relayed  to 
several  parts  of  the  animal. 

Most  of  the  nerve  cells  of  the  insect  are  aggregated  in  the  various 
ganglia,  while  the  greater  part  of  the  extension  fibers  make  up  the 
strands  connecting  the  ganglia  with  one  another,  as  well  as  those 
fibers  which  pass  to  muscles,  glands,  and  sense  organs.  Most  of  the 
sensory  fibers  (from  sense  organs)  enter  the  ganglia  from  below, 
while  those  activating  muscles  or  glands  emerge  from  the  upper  sur- 
faces of  the  nerve  knots.  This  is  in  direct  contrast  to  the  arrange- 
ment of  nerves  in  vertebrate  animals,  which  have  the  dorsal  (toward 
the  back)  nerves  sensory;  the  activating  (motor)  nerves  emerging 
from  below. 

One  way  in  which  the  nervous  system  of  insects  resembles  that 
of  other  animals  is  that  most  of  the  bodies  of  the  nerve  cells  lie  on 
or  near  the  outer  surfaces  of  the  ganglia.  Exception  must  be  made 
in  the  case  of  the  larger  ganglia,  especially  the  brain,  which,  because 
of  their  size,  are  composed  of  several  layers  of  cells.  In  fact  the 
inner  structure  of  the  supraoesophageal  ganglion  is  in  itself  too  com- 
plex to  discuss  in  detail  here,  although  we  may  well  briefly  glance 
at  some  of  the  more  important  parts.  The  optic  ganglia  are  directly 
connected  with  the  eyes  and  in  some  cases  are  so  large  as  to  make 
up  the  major  portion  of  the  brain.  The  antennal  lobes  receive  sen- 
sations from  the  antennae ; the  central  body  is  a prominent  structure 
in  the  center  of  the  brain;  the  mushroom  bodies  lie  on  the  front  of 
the  brain.  The  mushroom  bodies  have  been  supposed  by  some  to 
be  the  seat  of  intelligence,  or  at  least  of  integration  and  coordina- 
tion ; a conclusion  doubtless  based  upon  the  fact  that  they  are  highly 
developed  in  insects  of  complex  behavior,  as  bees  and  wasps.  Yet, 
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curiously  enough,  cockroaches,  which  are  not  high  in  the  scale  of 
complexity,  also  have  these  organs  well  developed. 

Each  ganglion  more  or  less  activates  the  segment  of  the  body  to 
which  it  belongs.  Thus  the  first  thoracic  ganglion  (just  back  of 
the  head)  moves  the  first  pair  of  legs;  the  ganglion  following,  the 
second  pair  of  legs  and  the  first  pair  of  wings,  etc.  If  the  sub- 
oesophageal  ganglion  is  destroyed  the  movements  of  the  mouth-parts 
stop.  According  to  Kopec  (95),  the  supraoesophageal  ganglion 
coordinates  body  movements,  while  the  suboesophageal  ganglion 
inhibits  them.  The  brain  is,  however,  chiefly  sensory;  it  receives 
impressions  from  the  eyes,  antennae,  and  other  sense  organs.  The 
abdominal  ganglia  control  not  only  the  general  movements  of  their 
respective  segments,  but  the  act  of  breathing  as  well  (133,54) . Since 
the  breathing  tubes  of  the  insect  and  the  body  cavity  in  which  they 
lie,  correspond  in  a crude  way  with  the  lungs  of  vertebrates,  air  is 
drawn  in,  and  waste  gases  expelled,  as  the  result  of  rhythmic  con- 
tractions and  relaxations  of  the  abdomen.  When  all  of  the  ab- 
dominal ganglia  are  destroyed,  this  movement  stops.  When  the 
ganglion  of  a given  segment  of  the  abdomen  is  destroyed,  movement 
in  that  segment  ceases.  We  have  here  a beautiful  example  of  the 
segmental  action  of  the  nervous  system,  i.e.,  that  each  ganglion  works 
somewhat  independently  of  the  others. 

Yet  this  segmental  action  is  not  entirely  independent  of  the  needs 
of  the  animal  as  a whole.  Since  each  ganglion  is  connected  with 
one  or  more  of  the  others,  it  must  of  necessity  pass  impulses  to  them. 
Were  it  otherwise,  we  should  not  expect  the  insect  to  run  or  fly  when 
touched,  seek  food,  mate,  or  perform  the  various  activities  which 
demand  the  cooperation  of  the  whole  organism.  Certain  cases  might 
be  cited  to  support  this  thesis.  For  example,  it  sometimes  happens 
that  the  pigeon  Tremex,  while  engaged  in  placing  eggs,  has  the 
ovipositor  so  firmly  caught  in  the  wood  that  in  her  efforts  to  escape 
the  insect  pulls  her  body  apart ; one  may  then  find  the  drill  and  its 
necessary  parts  still  in  the  act  of  drilling,  though  the  insect  is  fled. 
Now  the  point  of  all  this  is  that  the  ovipositor,  effective  as  it  may  be 
in  drilling  when  detached  from  the  body  of  its  owner,  can  not  of  its 
own  accord  find  the  proper  location  for  the  egg. 

The  head  of  a fly  may  be  removed  without  causing  immediate 
death  of  the  parts ; in  fact  the  head  will  still  thrust  out  the  proboscis 
in  response  to  odors : yet  obviously  the  fly  no  longer  reacts  as  a com- 
plete fly,  and  as  such  has  ceased  to  exist.  Similarly,  although  head- 
less moths  may  mate  and  lay  eggs  (92,93),  they  cannot  seek  out 
mates,  and  the  number  of  eggs  deposited  is  always  less  than  normal. 
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That  the  brain  ( supraoesophageal  ganglion)  of  the  insect  domi- 
nates the  behavior  of  the  animal  as  a whole  (95)  may  be  demon- 
strated by  some  experiments  made  several  years  ago  on  Ranatra. 
(Ranatra  is  a stick-like  water  bng  with  the  first  pair  of  legs  fitted 
for  seizing  prey,  while  the  other  limbs  are  nsed  for  swimming  or 
mainly  for  clinging  to  a support).  As  long  as  the  insect  remained 
intact,  the  addition  of  strongly  acid  solutions  to  the  water  in  which 
it  lived  had  little  effect  upon  its  behavior.  Then  heads  were  re- 
moved from  several  specimens,  the  wound  being  sealed  with  wax 
or  collodion.  Such  headless  bugs  lived  for  several  days,  swimming 
about  quite  normally.  But  when  a few  drops  of  acetic  acid  (1%) 
were  added  to  the  water  in  which  these  specimens  were  living,  the 
insects  rubbed  the  fore-limbs  together  as  if  to  remove  some  irrita- 
tion ! Now  it  is  very  likely  that  this  impulse  to  remove  the  acid  is 
found  quite  as  much  in  normal  specimens  as  in  the  headless;  how- 
ever, since  the  normal  specimens  do  not  perform  the  act,  and  differ 
from  the  others  chiefly  in  the  possession  of  a brain,  we  can  only  con- 
clude that  this  same  brain  in  some  way  “side-tracks”  the  impulse 
in  normal  insects. 

Such  cases  are,  of  course,  found  among  other  animals,  as  every 
physiologist  knows.  Among  insects  many  examples  might  be  men- 
tioned. But  enough  has  been  given  to  demonstrate  the  importance 
of  the  so-called  “head  dominance”  of  insects. 

II 

Insect  Reflexes 

The  unit  of  response  or  activity  of  any  animal  is  known  as  a 
reflex.  Structurally  it  involves  the  operation  of  a so-called  “reflex 
arc,”  viz.,  a sensory  path  connected  directly  to  a motor  path.  A 
simple  stimulus,  acting  on  the  sense  organ,  results  in  a muscular 
movement  or  in  secretion  by  a gland.  Several  cases  of  such  reflexes 
in  the  human  body  are  familiar ; for  example,  the  patellar  reflex  or 
jerking  of  the  leg  when  the  knee  is  tapped,  or  the  blinking  of  the 
lids  when  an  object  rapidly  approaches  the  eyes. 

Although  the  logical  way  of  approach  to  the  subject  of  insect 
reflexes  might  require  that  they  be  left  until  after  a discussion  of 
the  senses  upon  which  they  depend,  it  is  unfortunately  a fact  that 
the  only  way  in  which  we  can  become  familiar  with  the  operation  of 
these  senses  is  by  the  nature  and  intensity  of  the  actions  they  initiate ; 
so  that  it  becomes  necessary  to  familiarize  ourselves  first  with  the 
peculiarities  of  the  reactions  themselves. 
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It  is  difficult  to  make  any  wholly  satisfactory  classification  of  re- 
flexes. If  we  wish  to  group  them  according  to  the  needs  of  the  ani- 
mal they  might  be  related  to : (1)  feeding,  (2)  mating,  (3)  egg-lay- 
ing, (4)  parental  care  (sometimes),  (5)  locomotion,  and  (6)  un- 
classified activities. 

The  feeding  response  involves  the  movements  of  the  mouth-parts, 
and  in  the  case  of  insects  with  raptorial  legs  of  the  latter  also.  In 
some  cases  the  movements  are  not  very  well  defined ; in  others  they 
are  automatic  and  almost  invariable.  Such,  for  example,  is  the  case 
with  the  so-called  “ proboscis  response”  of  flies,  bees,  butterflies, 
bugs,  and  other  insects  with  suctorial  mouth-parts.  When  feeding, 
butterflies  and  moths  uncoil  the  long  sucking  tube  characteristic  of 
their  kind.  Flies,  whether  they  take  liquid  food  from  exposed  sur- 
faces (as  the  housefly),  or  penetrate  animals  for  blood  (like  the  mos- 
quito), must  first  extend  a sucking  tube.  Various  sitmuli,  later  to 
be  discussed,  bring  about  this  reaction. 

The  feeding  reflex  of  dragonfly  larvae  is  almost  unique.  These 
insects  live  in  ponds  and  streams,  where  they  feed  upon  various  in- 
sects and  other  small  animals.  Each  larva  has  the  labium  (lower 
lip)  elongated,  doubly  hinged,  and  equipped  at  the  free  end  with  a 
pair  of  hinged  hooks  resembling  jaws.  Ordinarily  the  whole  appa- 
ratus is  folded  against  the  under  side  of  the  head,  where  it  is  invisible 
from  above.  But  should  some  small  animal  move  within  striking 
distance  of  the  larva,  the  labium  is  unfolded  forward  with  such 
terrific  rapidity  that,  before  the  victim  has  any  chance  to  escape, 
he  is  clasped  by  the  terminal  hooks  and  dragged  back  to  the  larva. 
The  Germans  appropriately  call  this  action  the  “ Schnappreflex.” 
Certain  beetles  of  the  Genus  Stenus  have  a similar  mechanism.  It 
should  be  noted  that  the  hooks  on  the  end  of  the  labium,  although 
they  resemble  jaws,  are  not  the  true  jaws,  which  are  found  on  the 
head  just  above  the  base  of  the  labium. 

Mating,  even  in  its  most  simple  form,  usually  involves  a series  of 
reflexes.  The  most  automatic  condition  probably  occurs  among  the 
moths,  which  can  couple  when  considerably  mutilated.  In  some 
cases  the  mating  behavior  is  modified  to  meet  structural  peculiarities. 
Thus  the  male  of  Megarhyssa,  after  mounting  the  back  of  the  female, 
must  coil  his  abdomen  vertically  until  the  free  end  is  directed  back- 
ward, since  the  genital  opening  of  the  female  is  directed  forward. 

Although  most  insects  mate  with  the  male  astride  the  female, 
many  bugs  and  a few  other  insects,  couple  with  the  heads  in  opposite 
directions,  the  sexual  organs  only  being  in  contact. 
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A peculiar  case,  illustrating  what  might  be  called  ‘ ‘ accessory  re- 
flexes” occurs  among  the  silphid  beetles.  The  male,  having  climbed 
upon  the  female,  grasps  one  of  her  antennae  with  his  jaws.  This 
must  be  done  before  the  sexual  organs  can  be  brought  together.  The 
male  is  unable  to,  or  at  least  will  not,  unite  with  a female  deprived 
of  antennae. 

Oviposition  usually  involves  a set  of  reflexes,  rather  than  only 
one.  In  some  cases  it  appears  to  be  independent  of  external  stimuli, 
for  the  females  of  some  species  of  moths  will  deposit  eggs  even  when 
mating  has  not  taken  place.  The  deposition  of  eggs  in  particular 
places  seems  to  depend  on  a complex  of  responses  in  which  even  loco- 
motion is  involved.  Thus  blowflies  deposite  eggs  on  meat,  not  simply 
because  the  odor  of  the  meat  initiates  the  act,  but  also  because,  hav- 
ing been  attracted  to  the  meat  by  its  odor,  and  remaining  there  to 
feed,  it  is  only  natural  that  the  eggs  should  be  placed  there.  Horse- 
flies, which  normally  place  their  eggs  in  or  near  streams,  have  been 
seen  ovipositing  upon  windows,  which  they  evidently  mistook  for 
water. 

The  reflexes  of  locomotion  are  complex,  and  are  better  discussed 
under  the  problem  of  orientation.  They  consist  of  flying,  running, 
swimming,  etc.,  and  are  more  or  less  coordinated  through  the  action 
of  the  brain ; at  least  any  injury  to  the  brain  results  in  peculiarities 
of  movement.  When  half  of  the  brain  is  destroyed  the  animal  moves 
in  circles  toward  the  uninjured  side.  Covering  one  of  the  eyes  with 
opaque  varnish  produces  a similar  effect. 

According  to  Holst,  coordination  of  movement  in  the  locomotion 
of  insects  and  related  animals  depends  partly  upon  the  effects  of  the 
substratum  on  the  sense  organs  (pressure),  and  partly  upon  im- 
pulses from  the  nervous  system  itself.  Especially  significant  is  the 
fact  that,  as  the  ganglia  are  destroyed  successively,  from  behind  for- 
ward, in  animals  with  one-half  of  the  brain  destroyed,  movement 
becomes  more  and  more  irregular  (86). 

The  flight  of  insects  has  not  received  the  attention  it  deserves. 
Fraenkel  maintains  that  the  flight  of  insects  consists  of  a series  of 
reflexes  initiated  by  air  currents,  mechanical  shock,  or  loss  of  contact 
with  mechanical  support  (54).  He  found  that  when  deprived  of 
their  feet,  certain  specimens  flew  until  exhausted,  and  concludes  that 
the  contact  of  the  feet  with  some  solid  object  has  a strong  tendency  to 
inhibit  flight.  He  also  maintains,  what  one  would  suspect,  that  there 
is  a close  relationship  between  flight  and  breathing  movements ; the 
latter  increase  in  amplitude  with  the  beginning  of  flight.  In  some 
cases  flight  also  initiates  a wider  opening  of  the  spiracles. 
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As  previously  indicated,  the  presence  of  a large,  compact  body 
ganglion  often  makes  locomotion  independent  of  the  head.  Banatra, 
even  when  headless,  swims  in  a perfectly  coordinated  manner.  Yet 
even  among  water  hugs,  the  removal  of  the  head  may  interfere  with 
certain  reactions  especially  the  death  feint. 

Death  feigning  belongs  to  the  unclassified  reflexes.  It  is  familiar 
to  most  every  one  who  has  observed  insects  fold  their  legs  and  drop 
from  plants  when  disturbed.  Some  insects  remain  in  this  state  of 
immobility  for  a long  time,  usually  assuming  a characteristic  atti- 
tude, with  the  legs  pressed  tightly  against  the  body.  Insects  living 
in  water  also  exhibit  the  reaction.  When  suddenly  removed  from  the 
water  and  gently  stroked,  dragonfly  larvae  stiffen  the  body,  stretch 
the  legs  toward  the  rear,  and  remain  motionless  for  several  minutes. 
If,  when  the  animal  recovers  its  activity,  it  be  again  properly  treated, 
it  may  be  again  induced  to  feign ; and  this  may  be  repeated  many 
times.  But  the  periods  of  immobility  grow  progressively  less  in 
duration,  until  it  is  finally  impossible  to  induce  the  state  without 
a period  of  rest  (2).  The  anterior  half  of  a severed  insect  may  be 
thrown  into  feint  with  fair  ease,  while  the  rear  half  will  feign  with 
difficulty  if  at  all.  Experiments  made  with  weevils  (Ty chins 
picirostris)  have  shown,  that  in  this  species  at  least,  feigning  is 
directly  correlated  with  high  temperatures,  and  that  treatment  of 
the  insects  with  ether,  chloretone,  and  similar  chemicals  interferes 
with  the  feint.  On  the  other  hand,  removal  of  the  legs  or  other 
appendages  has  little  effect  (44). 

Obviously  the  death  feint  consists  of  a series  of  reflexes  which, 
unlike  most  of  those  associated  with  the  insect,  are  initiated  and  in- 
fluenced from  within  the  body.  It  is  a phenomenon  not  well  under- 
stood, although  Holmes  classifies  it  as  a “ negative  thigmotaxis  ’ ’ — a 
tendency  to  avoid  all  contact  with  the  surroundings  (84). 

Another  unclassified  reflex  is  the  cleaning  or  “Putzreflex,  ” as 
Hoffmann  calls  it  (83) . Hoffman’s  roaches  cleaned  the  antennae  by 
drawing  them,  one  at  a time,  through  the  jaws,  having  first  grasped 
them  with  the  first  pair  of  legs.  With  the  first  pair  of  legs  removed, 
the  second  pair  serves  the  same  function;  but  with  these  likewise 
removed  the  insect  is  unable,  for  mechanical  reasons,  to  complete  the 
process.  This  reaction  Hoffman  regards  as  a modified  feeding  re- 
sponse, for  the  roach  will  clean  detached  antennae ; it  will  eat  de- 
tached antennae,  and  even,  under  certain  conditions,  its  own ! In 
this  connection,  it  is  a curious  fact  that  an  adult  dragonfly,  when  held 
by  the  wings,  may  be  induced  to  chew  the  end  of  its  own  abdomen. 
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Stinging  is  probably  a modified  ovipositing  reflex.  In  fact  it  is 
clearly  associated  with  reproduction,  especially  in  the  case  of  those 
solitary  wasps  that  provide  their  young  with  insects  immobilized  by 
stinging.  “ Convulsive  reflexes”  exhibited  by  overstimulated  ani- 
mals, must  be  regarded  as  pathological  (28). 

Ill 

Combined  Reflexes  : General  Behavior 

It  is  the  purpose  of  this  chapter  to  amplify  somewhat  the  dis- 
cussion of  usual  activities  of  insects  under  normal  conditions.  We 
are  not  concerned  here  with  the  more  complex  behavior  patterns, 
usually  referred  to  as  instinct,  intelligence,  etc.,  which  properly  Con- 
stitute a synthesis  of  all  behavior.  Such  activities  are  better  under- 
stood after  an  examination  of  the  senses  themselves,  and  of  the 
immediate  reactions  initiated  by  such  senses. 

We  have  already  considered  such  reflex  complexes  as  death 
feigning,  flight,  and  cleaning  reactions.  Complexes  may  arise  as 
the  result  of  a single  stimulus,  or  they  may  represent  several  simul- 
taneous reactions  to  a number  of  stimuli.  In  fact  the  latter  condi- 
tion is  that  normally  found  when  the  insect  is  living  afield : it  is 
only  when  we  subject  him  to  laboratory  experiment  that  the  stimuli 
and  the  reflexes  may  be  isolated. 

Thus  the  movement  of  caterpillars  upward  depends  upon  crawl- 
ing against  gravity,  combined  with  reactions  to  food  odors.  Light 
also  affects  caterpillars : some,  feeding  only  at  night,  retire  with  the 
coming  of  day  to  the  protection  of  the  earth ; while  others  feed  only 
during  the  hours  of  daylight.  The  behavior  of  the  caterpillar  also 
depends  upon  his  degree  of  satiation;  like  Napoleon’s  army  it 
marches  on  its  stomach. 

In  fact  we  must  not  overlook  the  fact  that  the  internal  conditions 
of  the  body  have  much  to  do  with  the  behavior  of  any  organism. 
There  is  the  question  of  age,  for  instance.  Wodsedalek  found  that 
although  the  adult  specimens  of  the  common  museum  beetle  ( Trogo - 
derma  tar salis)  ordinarily  avoids  light,  the  males  after  mating,  and 
the  females  after  ovipositing,  suddenly  are  attracted  to  windows, 
ultimately  finding  their  way  to  the  open  fields.  During  sexual  ac- 
tivity dragonflies  seek  open  water ; with  the  waning  of  this  impulse, 
hunger  takes  them  far  inland.  Mayflies,  upon  first  reaching  the 
adult  stage,  move  toward  the  light ; shortly  before  the  laying  of  eggs 
they  seek  the  shaded  areas  where  oviposition  takes  place  (94). 
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Mating  exhibits  many  complexes  among  insects.  Thus,  while 
male  saturniid  moths  are  attracted  to  the  females  by  odor,  the  time 
of  this  activity  depends  upon  degree  of  illumination,  which  differs 
according  to  species.  Though  most  moths  fly  at  night,  the  ailanthus 
moth  ( Philosamia  cynthia)  goes  to  his  mate  in  the  afternoon.  There 
is  a more  or  less  definite  rhythm  in  the  mating  of  most  moths  which 
is  independent  of  external  factors. 

Oviposition  is  influenced  by  conditions  both  within  and  outside 
of  the  insect.  The  European  corn-borer  ( Pyrausta  nubilalis) , which 
has  disgusted  more  than  one  American  motorist,  deposits  her  eggs 
more  readily  in  darkness  or  dim  light  than  in  the  bright  beams  of  full 
day  (16).  Even  artificial  light  inhibits  the  laying  of  the  codling 
moth  (73).  So  dependent  upon  temperature  is  oviposition  of  the 
latter  that  farmers  have  found  it  convenient  to  base  their  spray 
schedule  upon  the  behavior  of  caged  females. 

The  tendency  of  the  water  strider  ( Gerris ) to  cling  to  solid  ob- 
jects is  greatly  increased  by  low  temperatures,  so  that  the  coming  of 
winter  finds  these  insects  gathered  in  great  masses  beneath  rubbish, 
where  they  remain  in  hibernation  until  spring  (150,  151).  The 
clinging  reflex  of  Mayfly  larvae  is  weakened  by  high  temperatures 
(149,  10). 

It  is  a well-known  fact  that  blowflies,  attracted  to  houses  by  the 
odor  of  food,  will  enter  the  windows,  only  to  circle  about  and  leave 
by  the  same  route,  unable  to  withstand  the  strong  influence  exerted 
upon  them  by  the  light. 

The  combined  reflexes  of  insects  often  exhibit  a tremendous 
power  of  accommodation  independently  of  learning  or  other  con- 
scious processes.  An  excellent  example  is  the  way  in  which  many 
insects  deprived  of  one  or  more  appendages  regain  their  power  to 
move  in  a normal  manner.  Insects  which  move  in  circles  as  a result 
of  covering  one  eye  with  opaque  varnish  may  later  move  in  a straight 
course. 

Sometimes  modification  of  behavior,  especially  if  inherent  in  the 
species,  is  a disadvantage  to  the  insect.  Rabaud  found  that  the 
caterpillars  of  Myelois  cribrella,  which  during  their  development 
move  from  the  bolls  of  thistles  into  their  stems,  could  be  kept  from 
doing  so  by  being  confined  in  the  dark  (144).  A more  familiar 
example  of  this  is  the  way  in  which  insects  attracted  to  lights  are 
destroyed. 

On  the  other  hand,  almost  any  animal,  insects  included,  when  sub- 
jected to  extreme  stimulation  from  light,  heat,  etc.,  undergoes  a series 
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of  complicated  reflexes  designed  to  carry  the  victim  away  from  the 
stimulus,  or  to  lessen  it  (28). 

Chemical  substances  may  have  a similar  effect.  I refer  now  to 
a general,  physiological  effect ; not  odor  stimuli,  which  act  in  quite  a 
different  way.  (Sometimes,  of  course,  it  is  difficult  to  differentiate 
between  odor  stimuli  and  a general  effect.)  For  example,  certain 
Mayfly  larvae  which  ordinarily  move  toward  the  light,  give  an  oppo- 
site reaction  when  the  water  in  which  they  live  has  added  to  it  alcohol 
or  calcium  chloride.  Movement  in  caterpillars  is  completely  in- 
hibited by  atropine,  nicotine,  pilocarpine,  and  several  other  drugs. 
Even  a very  weak  solution  of  nicotine  injected  into  caterpillars  of 
the  handmaid  moth  {Bat ana  ministra)  produced  paralysis  and  death. 

Insects  often  react  positively  to  substances  which  are  poisonous  to 
them.  Houseflies  are  attracted  to,  and  will  drink,  solutions  of  for- 
maldehyde, in  spite  of  the  fact  that  death  usually  follows  (80) . The 
products  of  decaying  flesh  may  destroy  the  very  beetles  they  attract. 
In  all  cases  death  appears  to  take  place  through  progressive  paralysis 
beginning  with  the  rear  legs  and  going  forward,  until  cessation  of 
movement  in  the  antennae  and  mouth-parts  indicate  that  the  animal 
has  completely  succumbed. 


IV 

Some  Responses  of  Insects  to  Temperature  and  Humidity 

It  is  impossible  to  discuss  the  reactions  of  insects  to  temperature 
and  humidity  without  reference  to  the  “physiological  optimum.  ” 
For  any  given  species  of  animal  there  exists  a temperature  at  which 
the  organism  is  most  active,  or  better,  at  which  the  body  functions 
most  favorably.  This  optimum  differs  not  only  with  the  species,  bnt 
to  some  extent  with  the  individual  animal.  A similar  optimum  for 
humidity  probably  exists.  As  the  temperature  (or  humidity)  is 
raised  above  the  optimum,  the  body  functions  with  more  and  more 
difficulty,  until,  when  a certain  point  is  reached,  death  ensues.  If 
the  temperature  or  humidity  is  decreased,  similar  results  are  ob- 
tained; excepting  that  insects  withstand  extreme  cold  better  than 
extreme  heat.  But  we  are  concerned  here  with  activity,  which 
ceases  before  the  freezing-point  of  water  is  reached.  Temperature 
and  humidity  are  not  the  only  external  factors  that  affect  animals 
in  this  way,  though  they  doubtless  are  the  most  important. 

Moreover,  and  this  is  an  important  consideration,  one  of  these 
factors  seldom  operates  alone.  As  it  varies,  the  other  function 
varies  with  it : so  that  an  insect  which  might  live  successfully  at  a 
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temperature  of  100°  F.  in  a moist  atmosphere,  might  succumb  rap- 
idly at  the  same  temperature  if  the  air  were  dry. 

Since  temperature  and  humidity  so  condition  the  organism  as  a 
whole,  it  is  very  difficult  to  determine  whether  humidity,  for  in- 
stance, is  “sensed”  in  a given  case,  or  whether  it  merely  influences 
behavior  by  its  general  effect  on  the  animal.  It  is  in  fact  doubtful 
if  any  insect  senses  moisture  in  the  definite  way  it  sees  light  or  per- 
ceives odors.  Temperature  seems  more  “ particularized”  and  may 
be  sensed  in  some  cases. 

That  moisture  influences  the  general  behavior  of  insects  cannot 
be  denied.  In  endemically  dry  regions,  or  under  conditions  of  un- 
usual drought,  insects  gather  in  or  around  plant  stems,  under  boards, 
or  any  other  places  which  are  relatively  moist.  Crickets  may  be 
collected  by  placing  a wet  cloth  in  a glass  jar  and  burying  the  latter 
up  to  the  mouth  in  the  ground. 

General  feeding  habits  are  closely  correlated  with  both  humidity 
and  temperature.  Houseflies  ( Musca  domestica)  feed  most  readily 
between  temperatures  of  55°  F.  and  58°  F. ; they  cease  feeding  below 
10°  F.  and  above  58°  F.  (103).  Moreover  they  feed  most  readily 
on  foods  more  moist  than  the  surrounding  air,  although,  to  be  sure, 
this  probably  depends  also  on  the  fact  that  these  insects  take  liquid 
food  only.  Lice  (Pediculus  humanus  and  Phthirius  pubis)  are  most 
active  between  the  temperatures  of  35°  C.  and  50°  C.  (89). 

Mosquitoes  are  attracted  by  warm  currents  of  air  (36).  They 
respond  most  readily  to  temperatures  from  90°  F.  to  100°  F.  The 
feeding  reflex,  too,  of  most  mosquitoes,  depends  upon  temperature 
(109).  In  fact  Stegomyia  scutellaris,  as  well  as  various  species  of 
Culex,  totally  ignore  perspiration  and  shed  blood,  but  will  attempt 
to  pierce  any  artificial  object  heated  to  98.6°  F.,  the  temperature 
of  the  human  body.  Incidentally,  this  exhibits  the  folly  of  trying 
to  repel  mosquitoes  by  “smells,”  unless  the  odorous  substance  is  also 
an  irritant.  Pine  tar,  one  of  the  most  effective  repellents  for  mos- 
quitoes, probably  acts  in  this  way. 

An  interesting  case  of  locomotor  response  to  temperature  has 
been  reported  by  Miller  and  Gans  (122).  They  found  that  the  ant, 
Cremastog aster  lineolata,  altered  its  path  when  a heat-radiating 
body  was  placed  near  it,  moving  toward  or  away  from  the  body, 
depending  on  the  intensity  of  the  heat  radiated ; a similar  reaction 
was  obtained  toward  a cold  (heat-absorbing)  object. 

The  flashing  of  fireflies  is  conditioned  to  temperature,  though  to 
what  extent  does  not  seem  clear. 

Herter  found  that  the  ant  Formica  rufa  can  distinguish  changes 
in  temperature  as  limited  as  J°  C.  (75).  He  also  found  that  parts 
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of  the  body  of  Acheta  domestica  are  sensitive  to  heat  in  the  follow- 
ing order : antennae,  cerci,  wings  and  abdomen,  legs  and  ovipositor, 
head  and  pronotum.  Grasshoppers  ( Melanoplus  femur-rub  rum, 
M.  differ entialis,  and  Dissosteira  Carolina),  according  to  Geist,  are 
sensitive  to  heat  in  the  following  order : antennae,  tarsi  and  pulvilli 
of  fore  and  hind  legs,  dorsal  and  ventral  sides  of  abdomen,  palpi  and 
middle  tarsi  (65) . 

Cockroaches  (Blatta),  snow-flies  (Chionea) , and  various  species 
of  mosquitoes  orient  to  heat.  They  appear  to  have  special  organs 
for  this  function.  Some  bugs  ( Bhodnius  prolixus)  have  the  anten- 
nae sensitive  to  heat,  and  will  orient  to  radiant  heat  alone  (181). 
The  removal  of  one  antenna  in  the  presence  of  a source  of  heat  re- 
sults in  circular  movements  characteristic  of  insects  that  normally 
orient  to  a source  of  stimulus  through  paired  organs.  Other  insects 
doubtless  have  antennae  that  are  heat-sensitive,  but  these  have  not 
been  sufficiently  investigated  to  warrant  discussion. 

y 

The  Statodynamic  Sense  and  Audition 

The  statodynamic  sense  is  that  which  regulates  the  position  of 
an  animal  by  informing  it  of  its  relation  in  space  to  the  objects  by 
which  it  is  surrounded.  This  rather  anthropomorphic  interpreta- 
tion is  difficult  to  improve,  because  our  knowledge  of  this  sense  is 
chiefly  subjective.  It  is  not  always  as  distinct  in  its  component 
parts  as  some  senses,  varying  from  a simple  sense  of  muscular  posi- 
tion, through  felt  vibration,  to  hearing.  In  fact  the  perception  of 
vibration  is  a modified  touch  sense  closely  related  to  hearing. 

In  vertebrate  animals  this  relationship  between  the  statodynamic 
sense  and  hearing  is  especially  clear,  because  the  semicircular  canals, 
the  chief  organs  of  balance,  are  invariably  associated  with  the  hear- 
ing mechanism.  Their  development,  too,  is  closely  related.  In 
addition,  vertebrates  have  organs  for  the  adjustment  of  position 
located  in  the  muscles.  We  are  not  certain  that  insects  have  mus- 
cular organs  of  this  kind,  muscular  coordination  probably  being 
regulated  by  organs  similar  to  those  concerned  with  hearing  and  the 
statodynamic  function  generally. 

There  is  but  one  known  case  in  which  the  statodynamic  organs 
of  an  insect  resemble  those  of  vertebrates.  Stauffacher  (162)  has 
described  from  the  winged  forms  of  a bug,  Phylloxera  vastatrix,  a 
very  peculiar  structure  resembling  somewhat  the  otoliths  (“ ear- 
stones”)  of  certain  aquatic  vertebrates.  Each  consists  of  a hollow 
sphere,  lying  just  behind  the  base  of  the  fore  leg.  Each  contains 
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a solid  sphere  of  horny  material  suspended  from  the  walls  of  the  cap- 
sule by  three  cords  which  partially  encircle  the  suspended  body,  and 
each  of  which  is  approximately  at  right  angles  to  the  two  others, 
like  the  semicircular  canals  of  the  human  ear.  A nerve  which  enters 
the  capsule  divides  first  into  two  branches,  and  these  branch  again 
until  their  ends  penetrate  pits  in  the  surface  of  the  solid  spheroid. 
The  capsule  likewise  contains  a small  ganglion  which  is  connected 
with  some  of  the  nerve  endings.  This  organ  is  unique  among  in- 
sects, whose  organs  of  balance  are  generally  constructed  on  a quite 
different  plan. 

The  unit  of  this  structure  is  the  scolopale,  a microscopic  tube, 
which  may  be  attached  to  a stretched  cord  or  membrane,  or  simply 
to  the  wall  of  the  body.  The  outer  end  of  the  scolopale  ends  in  a 
thickened  knob ; the  remainder  of  the  organ,  which  is  filled  with 
fluid,  is  penetrated  by  the  fine  termination  of  a sense  cell.  This  cell, 
and  others  serving  accessory  functions  to  the  scolopale,  are  collec- 
tively known  as  the  scolopophore.  The  scolopophores  are  seldom 
isolated,  usually  occurring  in  groups,  some  of  which  are  very  large. 
Of  these  the  most  constant  in  occurrence  and  the  best  known  is  John- 
ston ’s  organ,  found  in  the  second  antennal  segment  of  most  insects ; 
in  some,  vide  mosquitoes,  it  is  enormously  developed.  In  the  latter 
case  it  consists  of  scolopophores  arranged  in  a ring  about  the  central 
axis  of  the  antenna,  to  which  they  are  attached,  sometimes  directly, 
sometimes  to  an  internal  ridge  of  horny  material. 

Other  collections  of  scolopophores  are  attached  to  the  walls  of 
tracheae  (air-conducting  tubes)  or  to  a membrane  known  as  the 
tympanum.  The  tympana  are  continuous  with  the  body  wall.  In 
most  grasshoppers  they  occur  on  the  base  of  the  abdomen  near  the 
last  pair  of  legs.  They  occur  in  a similar  position  on  the  bodies  of 
some  moths,  on  the  thorax  of  some  bugs,  and  on  the  fore  legs  of  long- 
horned grasshoppers  (Tettigoniidae)  and  tree  crickets  (Oecanthus) . 

Although  many  insects  are  without  tympana,  all  have  scolopo- 
phores. Caterpillars  and  other  immature  forms  have  them  stretched 
between  the  walls  of  the  body. 

The  manner  in  which  the  non-auditory  organs  operate  is  well 
illustrated  by  the  function  of  Johnston’s  organ  in  the  whirligig 
beetle  ( Gyrinus ) (45).  These  beetles  spend  the  greater  part  of 
their  time  on  the  surfaces  of  ponds  and  streams.  The  second  seg- 
ment of  either  antenna  is  shoe-shaped  and  rests  partially  immersed 
in  water.  Any  vibration  of  the  water’s  surface  is  registered  by  the 
Johnston’s  organ  within,  for  Eggers  found  that  once  the  antennae 
are  removed,  the  insect  has  difficulty  in  avoiding  solid  objects  pro- 
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jecting  from  the  water,  although  normally  the  animal  avoids  these 
with  ease.  That  vision  has  nothing  to  do  with  the  matter  was  dem- 
onstrated by  studying  in  complete  darkness  beetles  marked  with 
luminous  paint;  with  the  antennae  intact  the  beetles  still  avoided 
solid  objects. 

It  may  be  some  similar  mechanism  that  enables  the  water  bug, 
Belostoma  flumineum,  to  seize  objects  moving  near  it  after  it  has 
been  blinded  (157).  The  orientation  of  insects  to  currents  of  air 
or  water  may  be  in  part  due  to  this  sense.  Such  is  certainly  the  case 
with  the  back-swimmer  ( Notonecta ) (108). 

The  halteres  of  flies  appear  to  have  a statodynamic  function. 
Some  species  lose  all  sense  of  balance  when  these  organs  are  removed. 
Such  is  especially  the  case  with  the  crane  flies  (Tipulidae),  which, 
once  the  halteres  are  removed,  fly  with  great  irregularity,  so  that 
they  seem  incapable  of  steering  a straight  course  or  rising  far  above 
the  ground. 

When  material  vibrations  reach  a certain  speed  and  intensity 
they  are  perceived  as  sound.  When  the  substratum  upon  which 
they  live  is  vibrated  rapidly,  ants  are  thrown  into  great  confusion ; 
this  is  scarcely  to  be  interpreted  as  hearing  in  the  true  sense  (52). 

But  caterpillars  appear  to  actually  hear.  Caterpillars  respond 
to  any  sudden  shock  by  an  elevation  of  the  head  and  thorax,  and 
sometimes  also  by  the  elevation  of  the  tip  of  the  abdomen,  clinging 
with  the  remaining  legs  to  their  support.  The  caterpillar  of  the 
European  cabbage  butterfly  ( Pieris  brassicae)  responds  in  this  way 
to  vibrations  in  the  air  of  from  96  to  1700  per  second  (22).  The 
caterpillars  of  the  mourning  cloak  butterfly  (Vanessa  antiopa)  re- 
act similarly  to  vibrations  from  32  to  1024  per  second  (127).  The 
caterpillars  of  the  handmaiden  moth  (Bat ana  ministra)  and  the 
closely  related  Datana  perspicua  exhibit  this  reflex  in  a peculiar 
manner,  since  they  respond  to  only  two  notes  of  the  musical  scale, 
of  512  and  384  vibrations1  per  second  respectively  (4). 

All  of  the  caterpillars  so  far  mentioned  appear  to  perceive  sounds 
through  the  body  hairs,  as  after  their  removal  or  “loading”  them 
with  drops  of  liquid,  the  insects  failed  to  respond.  On  the  other 
hand,  Minnich  has  found  that  several  hairless  species  also  respond 
to  sounds  (129).  The  structure  of  the  organs  involved  is  not 
known,  but  probably  the  scolopophores  are  concerned  in  some  way 
with  the  reaction. 

Many  adult  moths  react  to  sound.  Experiment  has  demonstrated 
this  in  the  case  of  the  saturniid  moths  (168)  and  the  noctuids  (169). 


1 See  also  Appendix  A. 
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The  latter  have  tympana  on  the  abdomen.  Tympana  are  also  found 
on  the  bodies  of  tiger  moths  (Arctiidae),  geometers  (Geometridae) , 
and  the  flame  moths  (Pyralidae),  all  of  which  can  hear  (45). 
Females  of  the  moth  Endrosa  aurita  respond  to  sounds  made  by  the 
males. 

Evidence  for  a sexual  function  of  hearing  is  found  among  grass- 
hoppers and  related  forms  (Orthoptera).  These  are  the  chief  musi- 
cians among  insects.  The  chirping  of  the  cricket,  the  harsh  rasp  of 
the  grasshopper,  have  been  celebrated  in  poetry  from  Theocritus  to 
the  present. 

I11  any  case,  there  seems  to  be  a direct  relationship  between  chirp- 
ing (stridulation)  and  sexual  attraction.  Thus  the  females  of  the 
cricket  Gryllus  campestris  respond  to  the  chirping  of  males  by  orient- 
ing to  the  same  with  singular  precision,  even  when  the  sound  is  con- 
veyed to  them  by  telephone  (145).  That  the  sounds  are  received 
through  the  tympana  has  been  demonstrated  by  destroying  these 
organs.  A moth,  Agrotis  pronuba,  responds  seven-tenths  of  the  time 
with  one  tympanum  destroyed ; with  both  gone  it  gives  no  reaction 
whatever.  Contrary  to  the  opinion  once  held,  it  has  been  found  that 
species  with  tympana  seldom  if  ever  find  the  antennae  of  service  in 
detecting  sounds. 

The  males  of  some  chirping  insects  sing  in  unison  (synchrony). 
That  this  ability  depends  upon  hearing  is  easy  to  demonstrate  by 
destroying  the  tympana.  Fulton  found  that  when  the  fore  legs 
(containing  the  tympana)  were  removed  from  Amblycorypha  rot  un- 
difolia brachyptera  synchrony  was  lost  (61).  Tree  crickets  (Oecan- 
thus)  also  produce  synchrony. 

Regen,  who  has  studied  this  subject  intensively,  has  been  able  to 
demonstrate  hearing  in  the  males  of  Thamnotrizon  apterus  by  a very 
clever  device  (146).  He  placed  each  of  two  cages  containing  a 
chirping  male  before  a parabolic  reflector.  (The  parabolic  reflector 
projects  sound  in  one  direction  only).  As  long  as  the  reflectors 
faced  each  other  the  insects  chirped  in  unison.  But  as  soon  as  one 
of  them  was  turned  in  a different  direction,  thus  keeping  the  sound 
waves  of  one  insect  from  reaching  the  other,  the  synchrony  was  lost. 
Regen  also  found  that,  of  five  hundred  specimens  with  tympana 
destroyed,  only  thirteen  responded.  The  loss  of  antennae  did  not 
affect  the  specimens.  Regen  believes  that  the  specimens  that  re- 
sponded did  so  because  the  still  intact  scolopophores  received  the 
vibrations. 

Some  water  bugs  ( Plea  and  Corixa)  respond  to  sounds  in  water. 
That  the  brain  is  not  always  essential  to  hearing  was  proved  by  test- 
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ing  the  German  roach  ( Blattella  germanica)  after  the  head  was 
removed.  Minnich’s  caterpillars  responded  even  when  divided  into 
sections.  Water  beetles  such  as  Hydrophilus  and  Gyrinus  appear 
to  react  to  sounds,  although  no  definite  experiments  have  been  made 
to  determine  the  nature  of  this  reaction. 

Many  moths  have  no  organs  for  hearing.  Most  Hymenoptera 
(ants,  bees,  wasps,  etc.)  appear  to  be  entirely  deaf.  Kroning  was 
unable  to  get  honey  bees  to  respond  to  sound  vibrations  of  any  kind 
(96).  Like  other  insects,  bees  have  scolopophores,  but  these  proba- 
bly are  statodynamic  in  function. 

VI 

The  Vision  of  Insects  : Image  Formation 

The  insect  eye,  although  constructed  after  a pattern  quite  differ- 
ent from  our  own,  is  similar  to  ours  in  that  it  forms  a picture  of  its 
surroundings.  It  has,  as  we  say,  the  power  to  form  an  image.  At 
least  this  is  true  of  the  best  insect  eyes,  though  many  apparently 
have  this  power  but  poorly  developed. 

In  order  to  understand  how  the  eyes  of  these  animals  function  it 
is  necessary  to  consider  a few  laws  of  image  formation.  If  you  hold 
near  the  wall  of  a room  a solid  glass  rod,  at  the  opposite  end  of  this 
rod  placing  some  kind  of  light  (an  electric  bulb,  for  instance),  you 
may  be  surprised  to  find  that  the  light  is  carried  down  the  rod  and 
transmitted  to  the  wall  in  the  form  of  a bright  spot.  Now  suppose 
we  pile  together,  their  sides  parallel  and  their  ends  forming  two 
plane  surfaces,  a number  of  glass  rods  of  equal  length.  Suppose  we 
have  previously  blackened  the  sides  of  these  rods  with  some  opaque 
substance,  so  that  only  their  ends  are  exposed  to  light.  We  should 
then  find  that,  upon  repeating  the  experiment  given  above,  it  would 
be  possible  to  project  upon  the  wall,  not  a single  point  of  light,  but 
an  entire  image  of  the  light  bulb ! It  is  true  that  this  image  would 
be  rather  imperfect;  it  would  be  irregular,  and,  of  course,  ‘ ‘spotty.” 
Yet  it  would  be  definitely  an  image  of  the  bulb.  Nor  would  a self- 
luminous  object  be  the  only  thing  capable  of  so  transmitting  its 
image.  Anything,  providing  it  reflected  sufficient  light,  would  serve 
nearly  as  well. 

That  an  image  so  produced  may  be  effective  is  further  shown  by 
the  fact  that  printed  pictures  usually  consist  of  just  such  a series  of 
dots,  of  various  sizes  and  variously  distributed. 

Now  the  insect  eye  operates  on  the  principle  of  our  bundle  of 
glass  rods.  It  is  more  efficient  though,  for  several  reasons.  I11  the 
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first  place  the  rods  (not  glass  in  this  case,  but  groups  of  transparent 
cells)  are  very  minute  and  very  numerous,  so  that  the  image  formed 
has  the  spots  very  small  and  very  close  together.  When  we  consider 
that  each  individual  rod  (ommatidium)  is  microscopic,  and  that 
there  may  be  as  many  as  four  thousand  in  a single  eye,  it  is  obvious 
that  the  image  formed  must  consist  of  very  small  component  parts. 
Moreover  these  are  not  thrown  on  a flat  screen,  but  on  a hemispheri- 
cal surface ; the  rods  radiate  from  the  surface  of  the  brain  outward 
to  the  surface  of  the  eye.  This  outer  surface  is  equipped  with  a mul- 
titude of  minute  lenses,  each  lying  over  the  end  of  an  individual  rod, 
so  that  the  light  is  focused  into  the  same.  Finally  it  is  likely, 
although  almost  impossible  to  prove  by  experiment,  that  the  brain 
of  the  insect  ‘ ‘ synthesizes  ’ ’ the  image ; that  is,  interprets  it  in  some 
way.  The  images  formed  by  our  own  eyes  are  inverted ; it  is  only 
through  mental  interpretation  that  an  object  appears  upright. 

Some  insects  have  only  ‘ ‘ night  ’ ? eyes ; that  is,  eyes  that  do  not 
form  distinct  images ; although  they  see  well  enough  at  night  they  are 
sensitive  to  very  little  light.  In  such  insects  the  eyes  contain  little 
or  no  pigment.  That  is,  to  return  to  the  glass  rods  : if  we  used  them 
without  painted  surfaces,  we  should  find  that  although  the  image 
formed  is  blurred,  it  can  be  formed  with  very  little  illumination. 
Insects  with  “day”  eyes  are  like  the  painted  glass  rods:  they  pro- 
duce a distinct  image,  for  which  much  light  is  needed.  In  such 
forms  thick  masses  of  pigment  surround  each  ommatidium  (33). 

Many  insects  have  eyes  that  function  both  at  night  and  by  day. 
This  is  accomplished  by  migration  of  the  pigment.  While  the  eye 
is  in  dim  light  the  pigment  lies  at  the  opposite  ends  of  the  ommatidia, 
so  that  there  is  a layer  of  colored  material  near  the  surface  of  the 
eye,  and  another  layer  surrounds  the  retinula  cells  where  the  image 
is  formed.  The  result  is,  that  for  the  most  of  their  length  the  omma- 
tidia are  open  at  their  sides  to  any  light  that  enters  through  the 
adjacent  rods.  Now  when  the  insect  enters  bright  light,  the  pigment 
migrates  forward  from  within,  and  inward  from  the  surface  of  the 
eye ; thus  so  surrounding  each  visual  rod  that  the  light  is  cut  off 
from  neighboring  rods  and  a clear  image  results.  The  effect  of  this 
adjustment  may  actually  be  observed  by  bringing  into  a brightly 
illuminated  room  a moth  that  has  been  kept  in  the  dark.,  At  first, 
due  to  reflection  of  light  from  the  pigment  near  their  surfaces,  the 
eyes  glow  as  if  self-luminous ; but,  even  as  we  watch,  this  glow  fades, 
for  the  reflecting  layer  of  pigment  is  moved  back  into  the  organs  to 
accommodate  them  to  vision  in  strong  light. 
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There  is  also  some  evidence  that  migration  of  pigment  affects  the 
focus  of  the  eye.  We  generally  consider  the  focus  (the  point  at 
which  an  object  is  most  clear)  of  the  insect  as  fixed;  the  insect  sees 
clearly  only  those  objects  at  a given  distance. 

Another  peculiarity  of  the  insect  eye  is  that  it  is  sensitive  to  the 
size  of  an  object,  quite  apart  from  the  intensity  of  the  light  it  sheds. 
Suppose  we  take  into  a completely  darkened  room  a specimen  of  the 
mourning  cloak  butterfly  (Vanessa  antiopa).  (And  by  the  way — 
this  insect  has  produced  more  discussion  among  scientists  than  a 
chorus  girl  does  among  playboys!).  Suppose  we  then  turn  on  an 
electric  bulb.  The  butterfly  flies  to  it  immediately.  If  the  wings 
are  fastened  together  it  still  moves  toward  the  light  by  crawling. 
Suppose  we  leave  the  wings  fastened,  and,  as  the  insect  approaches 
the  light,  hold  behind  it  a large  sheet  of  white  paper.  Instantly  the 
insect  turns,  crawls  toward  the  paper,  and  may  be  led  some  distance 
away  before  it  deserts  the  paper  in  turn.  The  light  from  the  bulb 
reaches,  let  it  be  remembered,  only  a few  ommatidia.  When  the 
paper  is  placed  behind  the  insect,  the  eyes  receive  more  light  from 
the  paper,  because,  though  less  light  comes  from  a given  area  of  it 
than  from  the  bulb,  this  light  reaches  more  ommatidia,  and  the  insect 
will  follow  it  until  the  distance  of  the  paper  from  the  bulb  is  so  great 
that  the  reflecting  surface  gives  less  light  than  the  lamp. 

This  explains  why,  in  wooded  areas,  the  mourning  cloak  seeks  the 
open,  sunlit  places.  But  neither  it  nor  any  other  insect  will  fly 
toward  the  sun  or  moon,  for  the  disk  of  neither  is  bright  enough  to 
overcome  the  stimulation  to  all  parts  of  the  eye  by  the  light  from 
nearby  objects  (135).  Like  Stephen  Leacock’s  hero,  they  have  an 
impulse  to  “ride  off  madly  in  all  directions.”  On  the  other  hand, 
artificial  lights  do  not  spread  enough  light  through  the  countryside 
to  counteract  their  effect  on  a few  ommatidia;  consequently  their 
effect  is  to  attract  insects  to  them.  It  is  as  if,  to  the  insect,  the  moon 
or  sun  were  a slightly  brighter  light  in  a room  already  brilliantly 
illuminated,  while  an  artificial  light  at  night  might  be  likened  to  an 
opening  in  a dark  enclosure. 

The  operation  of  the  insect  eye  is  further  complicated  by  the  fact 
that,  in  some  species  at  least,  all  parts  of  the  eye  (and  hence  various 
ommatidia),  are  not  equally  sensitive  to  light.  The  ommatidia  on 
the  back  of  the  eye  of  the  bee  fly  ( Eristalis  tenax)  are  fifty  times 
more  sensitive  than  those  on  the  front  of  the  organ  (41). 

The  eyes  of  most  insects  are  so  protuberant  that  their  ‘ ‘ angle  of 
vision  ’ ’ is  wide ; yet  it  is  limited  in  some  directions ; and  houseflies 
can  scarcely  see  beneath  themselves  (117). 
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Certain  variations  in  the  size  and  distribution  of  visual  units 
throughout  the  eye  result  in  peculiarities  of  vision  in  some  species. 
The  vision  of  the  honey  bee  is  ‘ ‘ unidirectional  dorsoventrally  ’ ’ ; 
which  simply  means  that  the  insect  sees  most  clearly  those  objects 
which  are  directly  above  or  in  front  of  her  (77).  Dragonflies  see 
best  with  the  upper  surface  of  the  eye ; better  also  with  both  eyes 
than  with  one ; and  they  therefore  turn  the  head  to  bring  the  object 
under  inspection  in  line  with  the  upper  and  frontal  portion  of  both 
eyes  (43) . The  ommatidia  of  many  beetles  appear  to  react  in  groups 
of  seven ; that  is,  each  group  of  seven  visual  rods  acts  as  a unit  (27) . 
Water  striders  ( Gerris ) have  smaller  ommatidia  on  the  upper  than 
the  lower  surface  of  the  eye.  The  whirligig  beetles  ( Gyrinus ) 
actually  have  the  eyes  divided,  so  that  part  of  each  lies  above  the 
surface  of  the  water  while  the  other  is  submerged.  Some  Mayflies 
have  the  eyes  so  completely  divided  that  they  appear  to  have  four 
instead  of  two  (33).  Very  little  experimenting  has  been  done  to 
determine  how  such  eyes  function. 

The  eyes  of  insects  appear  to  be  more  sensitive  to  intermittent 
than  to  continuous  light.  Dolley  found  that  of  two  lights  of  equal 
brightness,  one  of  which  was  continuous,  the  other  being  interrupted 
by  periods  of  darkness ; the  latter  attracted  more  powerfully  speci- 
mens of  both  Vanessa  and  Eristalis.  The  flashes  of  “intermittent” 
light  were,  however,  very  rapid;  from  10  to  100  per  second  (40). 
Dolley  also  found,  by  means  of  rather  subtle  experiments,  that  even 
when  light  falls  continuously  upon  the  eye,  the  organ  itself  appears 
to  register  impressions  intermittently.  This  may  explain  why  ner- 
vous impulses  from  the  eye  of  the  king  crab  show  “gaps”  in  their 
activity.2  In  any  case,  these  facts  give  the  promulgators  of  the 
Loeb-Verworn  theory  many  a restless  hour.  It  also  brings  to  our 
attention  the  very  probable  assumption  that  all  nervous  activities 
are  of  this  nature ; that  consciousness  itself  may  be  discontinuous. 

The  effect  of  visual  stimuli  upon  insect  behavior  is  not  always 
immediate.  The  flashing  of  fireflies  (actually  beetles)  is  a case  in 
point.  There  is  a definite  time  interval  between  the  flashes  of  a given 
species,  and  also  for  each  sex  of  a given  species.  Thus  the  males  of  a 
given  species  have  no  difficulty  in  distinguishing  the  females  by  the 
flash-interval  alone.  Males  of  Photinus  pyralis  will  even  flash  in 
response  to  light  artificially  produced,  providing  this  has  the  same 

2 Hartline,  Jour.  Compar.  & Cellular  Biol.,  (1932).  Not  given 
in  Bibliography,  as  it  does  not  primarily  concern  insects. 
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flash  interval  as  that  of  the  females  (2.1  seconds  in  this  case)  (111). 
Since,  according  to  Mast,  males  often  find  their  way  to  females  after 
the  latter  have  flashed,  it  must  be  that  the  insect  ‘ ‘ retains  in  its  con- 
sciousness an  image  of  the  flash.”  (Horrors;  I am  being  teleologi- 
cal ! ) 

Not  all  insects  have  equally  distinct  vision.  Vanessa  and  Bana- 
tra , two  very  different  kinds  of  insects,  both  see  well ; Tenebrio  and 
Periplaneta  do  not  (30).  The  latter  species  are  found  in  poorly 
lighted  places  and  normally  avoid  intense  light.  Insects  see  very 
badly  in  poor  light,  so  that  those  living  in  it  continually  usually  have 
poor  vision. 

Imms  has  classified  insect  eyes  as  eucone,  pseudocone,  acone  and 
exocone  (91).  The  distribution  of  these  among  insects  has  nothing 
to  do  with  the  relationship  between  insect  groups ; some  beetles,  for 
instance,  have  eucone  and  other  acone  eyes.  The  names  refer  to 
the  structure  of  the  cone  at  the  outer  end  of  each  ommatidium. 
Thoretically  insects  should  see  best  which  have  this  cone  best  devel- 
oped (i.e.,  eucone),  but  no  one  has  experimented  sufficiently  to  dis- 
cover if  this  is  really  so. 

Insects  may,  of  course,  react  to  light  even  when  the  eyes  have  poor 
image-forming  powers.  Thus  mosquito  larvae,  which  normally  re- 
main near  the  surface  of  the  water,  descend  when  a shadow  passes 
over  them  (85).  They  do  the  same  when  a shadow  passes  beneath 
them.  Their  behavior  in  this  respect  is  fixed.  Blowfly  larvae  (mag- 
gots) are  very  sensitive  to  changes  in  light  intensity,  especially  just 
before  transformation  to  the  adult  stage.  Herms  states  that  their 
“behavior  pattern”  is  different  in  dim  from  what  it  is  in  bright 
light  (72).  Meal  worms  ( Tenebrio ) are  most  sensitive  to  a light 
intensity  of  136  meter  candles  (37).  The  surfaces  of  their  bodies, 
apart  from  the  eyes,  are  sensitive  to  light.  This  is  also  true  of  some 
species  of  ants. 

“Exposure  to  darkness”  has  peculiar  effects.  It  alters  the  rate 
of  locomotion  in  light,  lowers  the  sensitivity  of  the  eye,  and  in  some 
cases  the  carbon  dioxide  output ; in  other  words  it  affects  the  rate  of 
breathing  (23,  29). 

The  tendency  of  backswimmers  ( Notonecta ) and  whirligig 
beetles  (Gy rimes)  to  swim  against  water  currents  is  due  in  part  to 
the  changing  visual  stimuli ; that  is,  to  the  change  in  form  of  the 
surroundings  (25,  156). 

In  closing  this  chapter  a little  should  be  said  about  the  ocelli. 
Normally  there  are  three  of  these  lying  on  forehead  of  the  insect  (for 
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which  reason  the  Germans  call  them  ‘ 1 Stirnaugen  ’ ’ ) , but  in  some 
cases  a part  or  all  of  them  are  absent.  Their  ommatidia  are  simpler 
than  those  of  the  compound  eye,  and  are  served  by  a single  lens. 
They  reach  their  best  development  in  flying  species,  in  which  their 
destruction  leads  to  peculiarities  of  flight  (67).  In  butterflies  and 
moths  stimulation  of  the  ocelli  stimulates  flight,  and  may  lead  the 
insect  to  areas  of  greater  illumination  (55,  133).  They  appear  to 
function  as  accessories  to  the  compound  eye.  I know  of  only  one 
group  of  animals  in  which  the  ocelli  appear  to  give  distinct  vision. 
These  are  the  Attidae,  which,  unlike  many  other  spiders,  leap  upon 
their  prey  from  a distance,  gauging  the  distance  with  a degree  of 
accuracy  that  suggests  considerable  clearness  of  vision.  But  the 
Attidae  are  not  insects  (Hexapoda). 

VII 

The  Vision  of  Insects  : Color  Perception 

Before  considering  the  problem  of  color  perception  by  insects,  it 
is  necessary  to  remind  the  reader  of  certain  considerations  having 
to  do  with  the  physical  nature  of  light  and  the  physiology  of  color 
perception. 

It  is  generally  known  that  so-called  “ white  light/’  i.e.,  sunlight, 
daylight,  or  any  artificial  light  approximating  these,  is  composed  of 
a series  of  colors  blended  together  to  give  a single  sensation.  A glass 
prism  splits  this  light  into  a graded  series  of  colors,  each  having  a 
certain  vibration  rate  or  “ wave-length.  ” The  perception  of  these 
‘ ‘ waves  ’ ’ by  the  human  eye  is  very  incomplete  : only  seven  colors  are 
at  all  distinct,  although  actual  measurement  demonstrates  that  each 
of  these  in  turn  consists  of  several  units,  each  composed  of  waves 
having  a definite  length  and  frequency  different  from  the  others. 
Light  of  definite  wave-length  is  said  to  be  monochromatic. 

Pew,  if  any,  of  the  colors  found  in  nature — or  even  those  artifi- 
cially produced — are  monochromatic  or  ‘ ‘ pure  ’ ’ ; that  is  to  say,  a red 
flower  reflects  not  only  red,  but  in  most  cases  green  and  yellow  as 
well.  Although,  since  it  reflects  mostly  red,  such  a flower  appears 
red  to  us,  it  is  possible  that  to  another  animal  it  may  appear  quite 
otherwise.  Thus  to  an  insect  blind  to  red  the  same  flower  may 
appear  green,  yellow,  or  even  black. 

Another  matter  that  makes  the  physiologist  tear  his  hair  is  the 
problem  of  light  intensity.  Two  colors,  yellow  and  blue  for  ex- 
ample, may  reflect  the  same  quantity  (per  unit  of  area)  of  light,  so 
that  on  a photographic  plate  they  give  the  same  shade  of  gray.  Thus 
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would  they  appear  to  a man  totally  color-blind.  Of  course  such  a 
case  as  that  just  described  practically  never  occurs ; nevertheless  it 
must  be  approximated  in  many  cases.  When  we  are  told,  then,  that 
a hummingbird  shows  a preference  for  red  flowers,  we  are  not  jus- 
tified in  saying  that  the  bird  sees  red  as  a color.  It  may  be  that  to 
the  bird  the  red  flower  is  only  darker  or  lighter  than  other  flowers. 
One  can  easily  pick  out  the  red  flowers  in  an  ordinary  photograph. 

But  we  are  not  done  with  difficulties.  Still  another  centers  about 
the  fact  that,  irrespective  of  color,  the  eye  of  a given  animal  is  more 
sensitive  to  certain  wave-lengths  than  to  others.  The  human  eye  is 
most  sensitive  to  yellow ; that  is  why  so-called  ‘ ‘ white  light 7 7 actually 
appears  yellow.  A light  appears  red,  green,  etc.,  only  if  one  of  these 
colors  is  in  excess  of  the  yellow.  The  human  eye  is  also  more  sensi- 
tive to  the  shorter  (blue)  wave-lengths  than  to  the  longer  (red) 
waves.  This  is  known  as  the  “Purkinje  effect. 773  Even  color-blind 
persons  are  more  sensitive  to  green  than  to  other  colors. 

It  is  clear  from  the  considerations  given  above  that  to  demon- 
strate color  vision  in  animals,  even  when  the  colors  are  of  equal 
brightness  is  far  from  easy.  Thus  all  that  is  proved  by  the  classical 
experiments  of  Lubbock  on  ants  is  the  sensitiveness  of  these  animals 
to  ultraviolet  (104) . They  do  not  prove  the  presence  of  color  vision, 
because,  to  do  that,  one  must  demonstrate  that  the  animal  reacts  dif- 
ferently to  at  least  three  different  colors. 

Most  insects  are  very  sensitive  to  ultraviolet.  This  light  consists 
of  wave-lengths  too  short  to  be  seen  by  the  human  eye.  In  1904 
Forel  (53)  suggested  that  the  failure  of  Plateau  (140)  to  demon- 
strate any  direct  relation  between  flower  colors  and  the  visits  of  in- 
sects, might  be  due  to  the  fact  that  the  latter  perceive  ultraviolet 
rather  than  the  colors  visible  to  us.  Recently  Lutz  has  been  able  to 
show  that  flowers  do  reflect  considerable  ultraviolet  light  (105). 

Merker  denies  that  insects  see  ultraviolet,  insisting  that  any  reac- 
tion given  by  the  animal  is  due  to  a glow  produced  in  the  eye  itself 
(fluorescence)  by  the  action  of  the  invisible  rays  (121).  On  the 
other  hand,  Lutz  found  no  evidence  of  fluorescence  in  the  eyes  of 
fruit  flies  ( Drosophila ) subjected  to  ultraviolet  (106). 

Like  the  “ visible  spectrum, 77  the  ultraviolet  is  composed  of  a 
number  of  monochromatic  units.  Little  has  been  done  to  determine 
just  what  part  of  this  band  affects  insects.  Tests  made  by  Bertolf 

3 That  is,  if  two  colors  are  of  equal  brightness,  where  this  bright- 
ness is  not  great,  the  one  of  shorter  wave-length  appears  brighter ; 
i.e.,  blue  appears  brighter  than  red. 
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on  Drosophila  shows  that  these  insects  are  most  sensitive  to  a wave- 
length of  487  q of  the  visibls  spectrum,  and  that  its  sensitivity  falls 
again  to  425  q.  At  this  point  it  begins  to  rise  until,  at  365  q it  is 
five  times  as  great  as  at  487  q (20).  In  other  words,  the  flies  are 
sensitive  to  what  we  call  green  of  the  visible  spectrum,  but  even  more 
sensitive  to  a certain  part  of  the  ultraviolet.  They  are  not  equally 
reactive  to  all  ultraviolet  light,  and  do  not  react  to  extremely  short 
waves  at  all.  Oddly  enough,  fruit  flies  with  red  eyes  respond  more 
to  red  as  a color  than  do  those  with  white  or  pink  eyes,  which  are 
more  sensitive  to  the  shorter  waves  (e.g.,  blue)  (115). 

The  fact  that  most  insects  are  more  sensitive  to  green  than  to 
other  colors  has  made  Hess  insist  that  insects  are  totally  color-blind. 
He  points  out  that  not  only  are  totally  color-blind  persons  most 
sensitive  to  green,  but  that  green  also  induces  a ‘ ‘ pupillary  reflex  ’ ’ 
(adjustment  of  the  pupil  of  the  eye  to  light  intensity),  so  that  the 
latter  is  a matter  adaptation  to  brightness  (78,  79) . Frisch  disputes 
this,  because,  he  says,  bees  are  not  most  sensitive  to  green,  but  to  yel- 
low, i.e.,  their  vision  resembles  that  of  a normal  human  being.  In 
further  support  of  his  contention  he  points  out,  that  although  bees 
can  be  shown  to  be  red-green  color-blind,  they  do  not  confuse  other 
colors. 

The  experiments  of  Frisch  are  so  instructive  that  a brief  expla- 
nation of  them  may  not  be  amiss,  especially  as  they  demonstrate  cer- 
tain points  we  have  discussed  at  the  beginning  of  this  chapter. 
Honey  bees  were  trained  to  feed  over  colored  papers,  covered  with 
glass  to  eliminate  interference  from  odor  or  texture.  With  the  col- 
ored papers  were  others  of  every  shade  of  gray,  from  dead  black  to 
white.  It  was  argued  that  if  the  quantity  of  light  reflected  (bright- 
ness), and  not  color,  attracted  the  bees,  the  insects  should  confuse 
the  color  to  which  they  had  been  trained  (blue,  for  example)  with 
some  of  the  gray  cards.  This  did  not  occur ; the  bees  distinguished 
blue,  yellow,  and  some  other  colors  from  the  grays  and  from  other 
colors.  They  did  confuse  red,  green,  and  mixed  colors  containing 
one  of  these  (56,  58). 

Recently  Ilse  was  able  to  train  various  species  of  butterflies  to 
react  to  color  (90).  She  used  flower  artifacts  containing  honey  to 
train  the  insects.  The  latter  learned  to  return  to  these  artificial 
flowers,  and  they  reacted  to  practically  all  the  colors  used  including 
red.  This  last  fact  is  especially  interesting,  since  many  insects  are 
not  at  all  sensitive  to  red ; ants  and  flies  behave  toward  pure  red  light 
as  they  do  toward  total  darkness.  The  butterflies  “ remembered” 
the  flower  forms  and  color  for  twenty-four  hours.  This  is  also  sur- 
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prising  for  butterflies,  although  some  insects  recall  places  for  at  least 
a year. 

Of  course  there  are  other  methods  of  testing  color  vision.  Sev- 
eral years  ago  I found  that  an  ant,  Formica  dakotensis  specularis, 
is  most  sensitive  to  yellow,  and  that  it  also  distinguishes  between 
other  colors  (3).  In  these  experiments  advantage  was  taken  of  the 
fact  that  the  ants  remove  their  cocoons  from  lighted  areas , the 
measure  used  being  the  speed  with  which  a given  number  of  cocoons 
were  removed  from  a light  of  given  color.  Color  filters  were  used, 
the  light  intensity  being  equalized  by  shifting  the  distance  of  the 
light  from  the  nest  until  the  brightness  for  various  colors  was  equal. 
A similar  method  was  used  by  Lubbock  in  his  experiments  upon 
another  species  of  ant  ( Lasius ) (104). 

Of  peculiar  interest  is  the  case  of  the  common  roach  (P eriplaneta 
americana) . As  the  incensed  housewife  knows,  this  insect  avoids 
intense  light,  keeping  to  dark  places  both  day  and  night.  Now 
Gross  found  that  these  roaches  respond  to  colors  in  reverse  order 
from  species  that  are  attracted  to  light.  That  is,  they  are  sensitive 
to  blue,  but  not  to  green  and  yellow ; this  condition  was  reversed  in 
Drosophila  and  Calliphora,  which  are  strongly  attracted  by  daylight 
(68). 

Other  insects  that  are  able  to  distinguish  differences  in  wave- 
length (though  not  necessarily  as  colors)  are  the  Oriental  peach 
moth  (Laspeyresia  molest  a)  (138),  lady  beetles  ( Coccinella ) (183), 
and  the  larvae  of  Tenebrio  molitor  (36). 

VIII 

The  Chemical  Senses 

The  sense  of  smell,  or  olfactory  sense,  is  the  ability  of  an  animal 
to  detect  at  a distance  the  chemical  nature  of  a given  substance.  In 
order  to  do  this  the  animal  must  receive  from  the  object  so  detected 
a reasonable  quantity  of  gas  or  vapor,  which,  impinging  on  certain 
specialized  nerves,  gives  rise  to  definite  sensations. 

Vertebrate  animals,  including  man,  have  this  sense  localized  in  the 
nose.  Insects,  since  they  have  a very  different  system  of  breathing, 
must  have  recourse  to  a different  device.  We  actually  know  very 
little  about  the  sense  of  smell  in  insects.  Nor  are  we  helped  much 
by  a study  of  the  various  microscopic  organs  that  may  be  olfactory ; 
since  these  are  numerous,  varied,  and  so  distributed  over  the  body 
that  any  or  all  of  them  could  be  interpreted,  from  a mere  study  of 
structure,  as  olfactory.4 


See  Appendix  B. 
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I cannot  agree  with  Mclndoo  that  certain  sense  organs  cannot 
be  olfactory  because  they  are  covered  with  a thin  layer  of  chitin  (the 
substance  forming  the  outside  covering  of  insects).  Gases  pass 
rapidly  through  a great  variety  of  membranes,  even  when  these  are 
rather  thick,  and  especially  when  there  is  a liquid  (blood)  on  one 
side  of  them. 

One  conclusion  that  has  had  considerable  support  is  that  the 
antennae  are  chiefly  or  exclusively  organs  of  smell.  This  conclusion 
originated  with  Forel,  who,  after  making  a lifelong  study  of  ants, 
insisted  that  organs  of  smell  located  in  the  antennae  of  these  insects 
enable  them  to  maintain  the  complicated  interrelationships  of  the 
nest.  Numerous  other  students  have  confirmed  this.  In  fact  ants, 
bees,  wasps,  etc.,  all  seem  to  be  dependent  upon  the  antennae  for  the 
location  of  food,  mates,  etc.  Even  such  parasitic  forms  as  Habro- 
bracon  juglandis,  according  to  Murr,  depends  upon  its  antennae  for 
the  location  of  both  its  mate  and  the  prey  upon  which  it  fastens  its 
egg  (132).  More  recently  Tinbergen  has  found  that  the  wasp, 
Philanthus  triangulatum,  recognizes  its  prey  by  means  of  the  an- 
tennae (164).  Incidentally,  I have  seen  Microbembex  (another 
wasp)  seize  and  attempt  to  carry  off  a lace-wing  (Chrysopa) , which 
certainly  did  not  resemble  its  usual  prey  (flies)  either  in  appear- 
ance or  odor. 

Frisch  trained  bees  to  find  food  in  boxes  each  of  which  contained 
a definite  flower  odor  (58,  57).  With  the  antennae  removed  the 
bees  were  unable  to  distinguish  empty  boxes  from  those  containing 
food,  although  the  two  carried  different  odors.  From  this  he  con- 
cludes that  the  antennae  of  bees  are  their  only  olfactory  organs. 
The  males  of  Megarrhyssa  lunator  certainly  distinguish  the  females 
by  smell,  but  either  other  senses  function  with  this,  or  the  olfactory 
sense  is  not  entirely  antennal,  because  those  deprived  of  antennae, 
or  with  the  antennae  frozen,  often  find  their  way  to  “the  Land  of 
Heart’s  Desire.” 

Other  insects  which  appear  to  have  a sense  of  smell  in  the  an- 
tennae are  the  meal  worm  ( Tenebrio  molitor)  (170),  a bug  (Rhod- 
nius  prolixus)  (181),  fruit  flies  ( Drosophila ) (17),  the  American 
cockroach  ( Periplaneta  americana)  (66),  termites  ( Reticiditermes 
flavipes)  (70),  and  various  species  of  moths  and  butterflies.  In  fact 
the  males  of  most  saturniicl  moths  seem  to  depend  entirely  upon  the 
antennae  in  finding  mates.  This  they  can  do  from  a considerable 
distance,  coming  often  in  great  numbers.  The  best  known  of  such 
cases  are  those  related  by  Fabre  (48).  I once  covered  with  shellac 
the  antennae  of  a male  Promethea  moth  that  had  been  attracted  by 
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a female.  He  flew  irregularly,  and  was  unable  to  find  the  other 
moth,  even  at  a distance  of  only  a few  inches.  Makazema  found 
that  with  both  antennae  removed  the  male  milkworm  moth  ( Bombyx 
mori)  responds  to  females  76%  less  than  normal  specimens  (107). 
Liebermann  has  tried  to  demonstrate  the  antennal  sense  in  flies  by 
correlating  food  habits  with  the  distribution  of  certain  sense  organs 
in  the  antennae  (100).  This  is  interesting,  but  scarcely  proves  the 
location  of  olfaction  to  be  antennal. 

Mclndoo  denies  olfactory  powers  to  the  antennae  (116,  117, 
118).  He  insists  that,  on  anatomical  grounds,  organs  more  fitted 
for  smelling  are  to  be  found  on  other  parts  of  the  body,  especially 
on  the  bases  of  the  legs  and  wings.  He  claims  to  have  demonstrated 
by  experiment  that  these  are  olfactory.  Even  bees  deprived  of 
antennae  responded  to  essential  oils;  and  Snodgrass  believes  that 
bees  have  olfactory  organs  in  both  the  antennae  and  the  parts  indi- 
cated by  Mclndoo,  but  that  these  organs  are  sensitive  to  different 
types  of  substances  (159). 

Perhaps  the  most  significant  experiments  of  Mclndoo  were  those 
in  which  he  demonstrated  that  the  blowflies  Calliphora  erythro- 
cephala  and  Phormia  regina,  when  deprived  of  antennae,  responded 
to  food  odors  as  well  as  normal  specimens  (119). 

Other  students  have  reached  a conclusion  similar  to  that  of  Snod- 
grass. Minnich,  for  instance,  found  that  the  cabbage  butterfly 
( Pieris  rapae)  still  responds  to  odor  when  deprived  of  antennae, 
although  the  response  is  reduced  58%  (126).  Minnich  found  that 
in  the  presence  of  such  stimulation  butterflies  respond  with  a probos- 
cis response,  and  made  use  of  this  in  his  experiments.  Under  simi- 
lar conditions  flies  respond  in  much  the  same  way.  In  fact  the 
detached  heads  of  blowflies  (Cynomyia  cadaverina)  respond  to  food 
odors  by  an  extension  of  the  mouth-parts  (8).  Since  the  wound 
made  by  cutting  off  the  head  was  sealed,  the  sense  of  smell  (or  a part 
of  it)  must  be  located  on  the  head.  Curiously  enough,  flies  with  the 
antennae  covered  with  shellac  also  extend  the  mouth-parts  in  the 
presence  of  odorous  substances.  This  recalls  the  results  of  Mclndoo 
given  above,  but  his  conclusions  were  based  on  the  motor  responses 
of  the  flies.  Recent  experiments  of  my  own  seem  to  show  that  the 
motor  reactions  of  flies  and  the  proboscis  response  do  not  always 
depend  on  the  same  factors ; flies  may  give  a proboscis  response  to 
substances  which  attract  and  also  to  those  which  repel  them.  This 
illustrates  how  careful  one  must  be  in  drawing  conclusions  from  a 
single  type  of  reaction. 

Experiments  with  sexton  beetles  ( N ecrophorus ) and  coach-horses 
(Creophilus) , both  of  which  frequent  decaying  flesh,  are  somewhat 
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contradictory.  It  is  true  that  Necrophori,  when  deprived  of  an- 
tennae and  released  in  the  woods,  even  a few  feet  from  the  traps  in 
which  they  were  taken,  seldom  are  found  again  in  the  traps.  On  the 
other  hand,  some  caged  specimens  which  I had,  dug  up  a buried 
cloth  soaked  in  a solution  of  skatol  (a  product  of  decaying  meat), 
even  when  they  had  the  antennae  amputated,  or  when  the  organs 
were  covered  with  shellac  (5,  6,  9).  There  are  two  possible  expla- 
nations of  this  discrepancy:  (1)  the  beetles  in  the  cage  found  the 
cloth  by  accident,,  or  (2)  the  removal  of  the  antennae  so  affects  the 
general  behavior  of  the  insects  that  under  field  conditions  they  do 
not  orient  properly  to  odors.  It  seems  certain  that  the  removal  of 
antennae  lowers  the  activity  of  Creophilus  by  at  least  a third ; and 
it  is  not  unlikely  that  the  Necrophori  are  similarly  affected. 

Cockroaches  have  olfactory  organs  in  the  palpi  (the  “ lesser 
feelers”  of  the  mouth  (66).  Schaller  has  demonstrated  that  the 
palpi  of  water  beetles  are  similarly  equipped  (53).  I have  found 
that  meat  brought  near  the  palpi  of  water  beetles  is  eagerly  seized ; 
had  the  insects  seen  this  they  would  have  approached  it  from  some 
distance.  Moreover  they  will  react  to  a broth  of  meat  placed  in  the 
water  by  moving  the  jaws ; which  shows  that  their  perception  is  of 
a chemical  nature.  It  is,  of  course,  impossible  to  distinguish  be- 
tween taste  and  smell  in  water.  Most  insects  living  in  the  water 
have  the  chemical  senses  poorly  developed,  whereas  their  vision  is 
unusually  good ; the  eyes  often  are  of  astonishing  proportions.  This 
is  probably  in  line  with  the  fact  that  most  aquatic  insects  prey  upon 
insects  and  other  small  animals.  Even  the  vegetable  feeders  of 
ponds  and  streams  depend  upon  their  eyes  to  escape  enemies.  Un- 
like many  terrestrial  forms,  insects  living  in  the  water  make  no  use 
of  special  plant  products,  as  pollen,  nectar,  etc. ; which  doubtless 
explains  the  lack  of  chemical  senses  in  such  insects.  Most  insects 
which,  like  bees,  feed  upon  special  foods,  have  a well  developed  sense 
of  smell,  and  probably  a sense  of  taste. 

The  chemical  substances  which  attract  insects  probably  consist 
in  most  cases  of  mixtures,  so  that  the  effects  to  attract  species  with 
specific  compounds  has  in  many  cases  proved  futile.  As  one  of  my 
acquaintances  observed  “after  trying  to  attract  bugs  to  different 
products  of  a rotting  orange,  you  find  that  they  are  attracted  only 
by  the  rotting  orange.”  Yet  there  are  instances  of  insects  being 
affected  by  a single  compound,  sometimes  to  an  astonishing  degree. 
The  Japanese  beetle  ( Popillia  japonica)  comes  in  such  numbers  to 
geraniol  and  eugenol  (both  essences  found  in  flowers)  that  these 
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substances  have  been  used  to  trap  the  pest  (148).  Flies  are  at- 
tracted by  ammonia  and  by  hydrogen  sulphide  (12,  147).  Hawk- 
moths  are  not  only  attracted  to  amyl  salicylate  (found  in  clover), 
but  attempt  to  feed  on  it  (130).  Howlett  found  that  the  Indian 
fruit  fly  ( Dacus  diver sus)  is  attracted  in  great  numbers  to  iso- 
eugenol ; that  a similar  species,  D.  zonatus,  comes  mostly  to  methyl 
eugenol ; while  still  another,  D.  ferrugineus,  comes  to  both  chemicals. 
Only  males  are  attracted  (88) . Ripley  and  Hepburn  found  that  the 
fly,  Pterandrus  rosa,  is  attracted  by  aliphatic  alcohols,  aldehydes, 
esters,  and  acids  of  low  carbon  content,  but  that  alcohols  with  more 
than  eight  carbon  atoms  repel  them  (152).  Barrows  found  Droso- 
phila attracted  to  grain  alcohol  and  to  acetic  acid  ( 17 ) . Formalde- 
hyde attracts  Musca  domestica.  Blowflies  give  feeding  responses,  not 
only  to  such  substances  as  stale  meat,  beer,  etc.,  but  also  to  essential 
oils  and  similar  ethereal  chemicals.  Ethyl  butyrate,  and  tansy  oil 
especially,  initiate  this  response  (8).  Lucilia  sericata  frequently 
visit  the  flowers  of  tansy  ( Tanacetum  vidgare). 

Naturally  occurring  substances  attract  many  insects.  Beeson 
found  a beetle,  Hoplocyrambys  spinicornis,  attracted  by  the  sap  of 
Shorea  robusta  (18).  The  fermented  odor  of  escaping  sap  always 
attracts  insects.  It  was  with  great  disgust  that  my  mother  found 
some  specimens  of  Ips  (sap-feeding  beetles)  resting  on  some  cakes  of 
yeast  she  had  made  and  set  out  to  dry.  The  stable  fly  ( Stomyxs 
calcitrans) , is  not  only  attracted  by  perspiration,  but  the  odor  initi- 
ates the  feeding  response. 

Some  chemical  substances  initiate  egg-laying.  Valeric  acid  is 
said  to  have  this  effect  on  some  species  of  flies.  No  doubt  the  placing 
of  eggs  on  favored  food  plants  comes  about  in  this  way.  Verschaffelt 
has  shown  that,  not  only  does  mustard  oil  initiate  the  laying  of  eggs 
by  the  cabbage  butterfly,  but  that  likewise  the  caterpillars  of  this 
species  may  be  induced  to  feed  on  any  plant  tainted  with  this  sub- 
stance (176).  Normally  the  butterflies  deposit  eggs,  and  the  cater- 
pillars feed,  only  on  Cruciferae  (mustards)  all  of  which  contain  allyl 
isothiocyanate.  The  potato  beetle  ( Leptinotarsa  decemlineata) 
feeds  only  on  Solanaceae  (nightshades)  and,  of  course,  deposits  its 
eggs  on  these  plants.  Numerous  similar  cases  could  be  cited. 

Very  little  is  known  concerning  the  degree  of  sensitiveness  of  the 
olfactory  sense.  Wirth  has  found  that  the  threshold  for  Habro- 
bracon  juglandis  for  various  substances,  as  compared  with  that  of 
man,  is  as  follows  (184)  : 
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Substance  Threshold  (Mgs.  per  liter) 

Man  Habrobracon 

Benzol  .0053  0.5—  3.0 

Ethyl  alcohol  5.76-0.25  5.0-20.0 

Cyclohexane 3.0-  5.0 


Warlike  has  found  various  species  of  dung  beetles  ( Geotrupes ) 
sensitive  to  the  products  of  dung  as  follows  (177)  : 


Ammonia  Skatol  Indol 

Geotrupes  sylvati-  1 cc.  .05%  in  .003-009  mg.  .003  mg.  per  1. 

cus  1 of  air  per  1. 

G.  vernalis  1 cc.  .05%  in  .005-009  mg.  .003  mg.  per  1. 

1 of  air  per  1. 

G.  stercorius .15  mg.  per  1. 


With  air  moving  toward  the  insect  the  odor  was  detected  at  a 
distance  of  two  to  four  meters  (about  six  to  twelve  feet)  ; in  still  air, 
fifty  to  seventy  centimeters  (about  twenty  to  twenty-eight  inches). 

My  caged  sexton  beetles  (chiefly  Necrophorus  orbicollis)  were 
able  to  detect  as  little  as  .00009  grams  of  skatol  in  100  cc.  (about  a 
cupful)  of  water.  This  is  a very  low  concentration.  A man  cannot 
smell  it ; very  probably  a dog  cannot. 

Many  insects  are  attracted  by  glandular  substances  produced  by 
their  own  or  other  species.  This  is  especially  true  of  social  forms 
(ants,  bees,  wasps,  and  termites),  but  is  also  true  of  some  solitary 
species.  My  own  experiments  indicate  that  the  coach-horse  ( Creo - 
philus  villosus)  is  attracted  to  dead  animals,  not  alone  by  the  odor 
of  the  carcass,  but  in  part  by  that  given  off  by  others  of  its  kind. 
This  beetle  discharges  from  the  anus  a substance  of  peculiar  and 
unique  odor.  It  is  a well  known  fact  that  bees  lead  other  bees  to 
flowers  by  ‘ ‘ depositing  an  odor.  ’ ’ 

Odors  often  indirectly  affect  the  habits  of  insects.  Thus  Creo- 
pliilus,  though  attracted  to  the  dead  bodies  of  animals,  does  not  feed 
primarily  upon  these,  but  upon  fly  maggots.  Similarly  bees  feed, 
not  upon  the  essential  oils  that  attract  them,  but  upon  nectar. 

Many  insects  have  a sense  of  taste,  or  at  least  a sense  resembling 
it.  Although  some  reject  food  tainted  with  bitter  substances,  they 
may  accept  as  food  chemicals  which  lead  to  their  destruction.  Kunze 
insists  that  bees  will  accept  calcium  arsenate,  mercury  bichloride, 
etc.,  in  quantities  sufficient  to  cause  death  (98).  Yet  these  same 
bees  refuse  arabinose,  manitose,  (both  sugars)  and  glycerine  (which 
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for  ns  is  sweet).  This  suggests  that  in  insects  taste  may  be  very 
different  from  ours.  It  also  varies  with  the  species,  for  according  to 
Frisch  butterflies  accept  raffinose  (another  sugar),  which  bees 
refuse  (59). 

Bees,  flies,  and  butterflies  have  a sense  of  taste  in  the  proboscis. 
Verlaine  has  demonstrated  that  the  cabbage  butterfly  {Pier is  rapae) 
can,  by  means  of  the  mouth-parts  alone,  detect  the  presence  of  cane 
sugar. 

It  was  Minnich  who  first  discovered,  through  experiments  with 
the  red  admiral  butterfly  {Pyrameis  atalanta),  that  insects  are  able 
to  detect  the  presence  of  sugars  and  similar  substances  by  means  of 
the  feet  (tarsi).  The  reaction  by  which  this  was  measured  was 
extension  of  the  proboscis  (124,  125).  The  sense  grows  progres- 
sively more  delicate  the  longer  the  insect  is  without  food.  Pro- 
longed starvation  may  bring  about  a sensitivity  to  cane  sugar  as 
great  as  M/12,800.  This  means  that,  under  such  conditions,  the 
feet  of  this  butterfly  are  256  times  more  sensitive  than  the  human 
tongue.  Or,  expressed  in  another  way,  256  times  the  quantity  of 
sugar  detected  by  the  butterfly  would  be  needed  before  a man  could 
taste  it. 

Minnich  (124),  Weis  (178),  Hertweck  (76),  Anderson  (11), 
Crow  (35),  and  many  others  have  found  that  a variety  of  insects 
possess  this  sense  of  taste  in  the  feet.  In  fact  Anderson  made  a com- 
parative study  of  insects  with  respect  to  this  sense.  She  found  that 
the  wasp,  Polistes,  and  Pieris,  gave  no  evidence  of  the  sense ; Papilio, 
Aglais,  and  Heodes  (all  butterflies)  gave  some  reaction;  while  Cer- 
cyonis,  Danaus  {Anosia),  Phyciodes,  Vanessa,  and  Basilarchia  (all 
butterflies)  have  a rather  keen  sense  of  taste  in  their  feet.  Of  all  of 
these  insects,  the  monarch  {Danaus)  has  the  most  sensitive  tarsi, 
being  able,  under  proper  conditions,  to  distinguish  1,200  less  sugar 
than  the  human  tongue.  Since  this  butterfly  is  exclusively  a flower 
feeder,  it  is  difficult  to  see  any  relationship  between  this  sense  and 
the  habits  of  the  insect. 

The  screw  worm  fly  {Cochliomyia  macellaria)  is  sensitive  to  cane 
sugar,  which  it  distinguishes  easily  from  water  (7).  The  flies  do 
not  give  a response  to  urea,  but  when  exposed  to  it  make  attempts  to 
escape.  Urea  is  very  bitter  to  human  taste.  Minnich  points  out 
that  the  degree  of  sensitiveness  of  the  blowfly,  Calliphora  vomit oria 
to  various  sugars  (saccharose,  maltose,  fructose,  glucose,  and  lactose, 
in  the  order  given)  is  the  same  for  the  human  tongue  (128). 

An  attempt  to  discredit  this  sense  of  taste  in  insects  has  been 
made ; the  claim  being  that  the  reaction  is  in  response  to  the  density 
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(‘ ‘thickness”)  of  the  solutions.  It  was  argued  that,  since  sugar 
solutions  are  more  viscous  than  water,  it  was  to  this,  rather  than  to 
the  chemical  property  of  sweetness,  that  the  insects  responded.  Both 
Frisch  and  Weis  deny  this.  Frisch  found  that  bees  especially  did 
not  respond  to  cherry  gum  or  gelatine,  which  should  have  been  the 
case  were  the  above  explanation  valid. 

A more  interesting  conclusion  is  that  of  Mclndoo,  who  claims 
that  the  tarsal  organs  are  olfactory  (120).  He  points  out  that, 
because  of  the  presence  of  hairs,  it  is  very  difficult  to  wet  the  feet  of 
flies,  and  that  experiment  demonstrates  that  they  react  to  sugar  solu- 
tions when  these  are  yet  some  distance  (2  or  3 mm.)  from  the  tarsi. 
In  this  connection  it  is  interesting  to  note  that  Kunze  claims  to  have 
found  the  terminal  segments  of  the  antennae  of  bees  capable  of  tast- 
ing solutions  (99) . This  demonstrates  how  difficult  is  the  separation 
of  the  olfactory  and  gustatory  senses  of  insects.  It  is  even  possible 
that  one  grades  imperceptibly  into  the  other.  Warlike  claims  that 
this  is  true  of  Geotrupes  (177).  We  know  how  difficult  it  is  even 
for  us  to  separate  subjectively  taste  and  smell,  even  though  these  are 
localized  in  separate  groups  of  organs,  and  perceive  different  types 
of  chemical  substances. 

IX 

How  Insects  Find  Their  Way 

There  are  two  general  theories  concerning  the  orientation  of 
animals.  The  first  is  that  promulgated  by  Jaques  Loeb,  who  actu- 
ally borrowed  it  from  Verworn  (101).  It  is  best  understood  by  a 
consideration  of  Loeb ’s  own  words.  After  stating  that  the  reason  a 
bilaterally  symmetrical  (two-sided)  animal  moves  in  a straight  line 
is  that  the  muscular  tensions  of  the  two  sides  are  equal,  he  continues  : 
“In  the  case  of  unequal  stimulation  of  the  two  eyes  the  tension  of 
the  symmetrical  muscles  in  an  animal  become  unequal.  In  this 
condition  the  equal  impulses  of  locomotion  will  result  in  an  unequal 
contraction  of  the  muscles  on  both  sides  of  the  animal.  As  a conse- 
quence the  animal  will  turn  automatically  until  its  plane  of  sym- 
metry is  in  the  direction  of  the  light.  As  soon  as  this  happens  the 
illumination  of  both  eyes  and  the  tension  of  the  symmetrical  muscles 
becomes  equal  again  and  the  animal  will  now  move  in  a straight 
line.  ’ ’ 

Expressed  in  less  technical  language,  the  animal  is  a machine 
automatically  controlled  by  light  or  other  external  influences.  If 
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this  interpretation  is  correct,  one  must  also  postulate  that  a given 
stimulus  is  constant,  i.e.,  light  for  instance,  in  producing  orientation, 
acts  at  all  times  with  equal  force  upon  the  animal.  It  also  means  that 
one  cannot  consider  behavior  adaptive ; that  is,  it  is  of  no  value  to 
the  animal. 

The  opposing  school  takes  the  view  that  orientation  consists  of  a 
series  of  ‘ ‘ adaptive  reflexes,  ’ ’ and  has  tried  to  show  that  the  animal 
finds  its  way  by  what  might  be  called  a series  of  “trial-and-error  ” 
movements,  depending,  not  upon  constant  stimulation,  but  variations 
in  the  character  or  intensity  of  the  stimulus.  S.  0.  Mast  (110)  in 
particular,  after  experimenting  extensively  with  both  plants  and 
animals,  as  well  as  examining  the  experiments  of  others,  concludes 
that : “All  organisms  that  respond  to  light  at  all,  respond  to  changes 
of  intensity.  In  some  the  response  to  such  changes  results  in  orien- 
tation, in  others  it  does  not.  ’ ’ And  again : ‘ ‘ Orientation  is  not 
dependent  upon  the  direction  in  which  light  rays  pass  through  the 
tissue,  in  accordance  with  Sachs ; nor  is  it  dependent  upon  the  angle 
between  the  rays  and  the  sensitive  surface,  or  the  unequal  stimu- 
lation of  symmetrically  located  points  on  the  surface  as  Loeb 
assumes — ” 

Loeb,  Verworn,  Crozier,  etc.,  have  thus  placed  themselves  on  one 
side  of  an  intellectual  fence,*  Mast,  Jennings,  Dolley,  etc.,  on  the 
other.  At  times  it  appears  to  be  a rather  flimsy  fence,  and  in  any 
case  one  wonders  why  it  has  been  placed  in  a waste  field.  Of  what 
conceivable  practical  value  is  it  whether  an  animal  moves  toward  a 
point  of  “continuous  stimulation”  (Loeb),  or  by  reflexes  depend- 
ing upon  discontinuous  stimulation  (Mast)  ? Has  the  holding  of 
either  theory  any  particular  scientific  value?  Perhaps  as  much  as 
those  of  the  Big  Endians  and  the  Little  Endians. 

It  is  unfortunate  that  Loeb  encouraged  such  terms  as  heliotro- 
pism,  chemotropism,  etc.  These  are  confusing  and  inaccurate : con- 
fusing because  one  never  knows  in  exactly  what  sense  they  are  used 
by  various  students ; inaccurate  because  one  cannot  explain  behavior 
by  inventing  a name  for  it. 

Nevertheless,  it  is  necessary  to  keep  the  above  theories  in  mind, 
because  nearly  all  students  of  behavior  have  allied  themselves  with 
one  of  them. 

Thus  Baldi  (13),  in  stating  that  when  one  side  of  the  insect 
brain  is  injured  the  animal  circles  toward  the  uninjured  side  because 
of  “predominance  of  activity  of  flexors  of  that  side,”  consciously 
or  unconsciously  follows  Loeb.  Baldus  (15),  on  the  other  hand, 
after  making  similar  experiments,  concludes  that  this  activity  is  due 
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to  “lack  of  coordination  of  reflexes, ” a phrase  that  might  readily 
have  been  taken  from  the  writings  of  Mast.  Minnich  believes  that 
the  activity  of  bees  results  from  continuous  stimulation  (123) . Cole 
and  Moore  go  even  further,  insisting  that  orientation  of  the  Japanese 
beetle  ( Popillia  japonica)  to  light  is  an  expression  of  the  Weber- 
Fechner  law  (32).  This  law  states  that  the  least  perceptible  change 
in  sensation  is  a “geometrical  function  of  the  increase  of  the  stimu- 
lus. ” It  is  expressed  by  the  formula  S = c loge  I -f  Iv,  where  S is  the 
magnitude  of  the  sensation,  1 the  intensity  of  the  stimulus,  and  c is 
a constant.  I keep  wondering  what  Dean  Swift  would  have  said 
about  reducing  an  animal  reaction  to  a mathematical  formula. 

Cole  also  claims  that  the  reactions  of  Drosophila  may  be  reduced 
to  the  Weber-Fechner  law  (31).  On  the  other  hand  Patten,  after 
experimenting  with  the  reactions  of  fly  larvae  to  light,  concludes 
that  these  insects  sometimes  do  and  sometimes  do  not  follow  this 
law  (136,  137).  He  further  expresses  the  opinion  that  their  be- 
havior exhibits  some  characteristics  that  fit  with  both  Mast’s  and 
Loeb’s  theories.  He  thus  straddles  the  fence,  or  perhaps  sensibly 
ignores  its  presence. 

Here  it  may  be  well  to  interpolate  a few  words  of  explanation. 
Fly  maggots  move  away  from  light  (unless  it  is  very  feeble)  in  a 
fairly  direct  course.  If  the  light  is  from  a definite  point,  this  move- 
ment is  straight  away  from  this  point.  This  activity  thus  automati- 
cally carries  them  to  protected  places,  so  that  it  is  difficult  to  under- 
stand how  even  Loeb  could  consider  it  other  than  adaptive.5 

Mast  found  that  the  robber  fly,  Erax  rufibarbis,  traveled  in  a 
fairly  direct  course,  even  with  one  or  two  legs  of  one  side  removed 
(112).  Holmes  found  that  Ranatra , an  insect  very  sensitive  to 
light,  behaved  quite  variously  under  different  conditions  (84). 
Even  with  all  but  a small  portion  on  the  back  of  one  eye  covered 
with  opaque  varnish  the  bug  moved  directly  toward  a source  of  light. 
Carpenter  found  that  when  Drosophila  is  exposed  to  intense  light 
(a  250  candle-power  arc  light  at  a distance  of  40  centimeters)  its 
reflexes  become  rapid,  violent,  and  the  insects  refuse  to  move  toward 
the  light.  Under  more  nearly  normal  conditions  these  flies,  even 
with  one  eye  blinded,  move  in  a fairly  direct  path  toward  the  light. 
When  Garry  covered  one  eye  of  the  robber  fly  Procanthus  for  sev- 
eral days,  he  found  that  removal  of  the  varnish  was  followed  by 
circular  movements  on  the  part  of  the  insect,  in  the  direction  of  the 

5 Fabre  denied  that  fly  maggots  have  special  organs  for  the  per- 
ception of  light.  Mast  guessed  that  they  do.  Ellsworth  (46) 
proved  their  existence. 
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recently  exposed  organ  (63).  This  was  doubtless  due,  as  Loeb  cor- 
rectly observes,  to  increased  sensitivity  of  the  treated  eye.  The 
larvae  of  Corethra  plumicornis,  which  live  in  water,  direct  them- 
selves towards  beams  which  reach  them  from  the  side , but  descend 
when  light  falls  on  them  from  above  or  below  (69). 

Orientation  by  caterpillars  has  received  some  attention.  Degener 
found  that  the  larvae  of  Euproctis  chrysorrhea,  although  ordinarily 
attracted  by  light,  withstood  this  influence  when  deprived  of  food. 
Mayer  and  Soule  found  that  the  caterpillar  of  the  monarch  butterfly 
(. Anosia ) orients  to  food  through  the  combined  influences  of  light 
and  food  odor. 

Kuhn  has  recently  revised  the  whole  interpretation  of  orienta- 
tion (97).  He  divides  the  orienting  behavior  of  insects  into  four 
types  designated  by  the  terms  phobotaxis,  menotaxis,  tropotaxis,  and 
telotaxis.  Phobotaxis  is  orientation  by  “trial-and-error  ” to  a con- 
dition of  optimum  stimulation.  One  such  case,  cited  by  Wiggles- 
worth  (182),  is  the  manner  in  which  flies  exposed  to  a generally  low 
temperature  form  a circle  on  a wall  or  ceiling  around  a lamp  or  other 
warm  object.  The  flies  seek  the  warmth  of  the  lamp,  but  those  that 
approach  it  too  closely  are  driven  back  by  the  heat,  so  that  they  form 
a circle  about  it  within  the  area  of  their  optimum.6  The  diameter 
of  this  circle  is  thus,  in  a crude  way,  a direct  measure  of  the  heat 
radiated.  A similar  case  of  phobotaxis  among  dragonflies  may  be 
observed  during  dry  weather.  If,  under  such  conditions,  one  starts 
a lawn  sprinkler,  the  dragonflies  appear  in  numbers  in  the  vicinity, 
and  remain  as  long  as  the  air  is  moist.  A similar  case,  which  might 
be  interpreted  as  either  phobotaxis  or  menotaxis,  is  the  way  in  which 
certain  day-flying  insects  ( Bombilins , Vanessa,  etc.)  alight  with 
their  heads  directed  away  from  the  sun;  and  let  us  remember  that 
these  insects  ordinarily  fly  toward  light.  Phobotaxis  “traps”  the 
insect  in  an  area  of  optimum  stimulation. 

Insects  which  react  to  a stimulus  without  definite  orientation,  or 
which  orient  partially,  exhibit  menotaxis.  For  instance,  some  spe- 
cies move  toward  light,  not  in  a direct  path,  but  at  an  angle.  Another 
example  is  the  case  already  cited  concerning  mosquito  larvae  which 
in  response  to  a shadow,  whether  the  diminution  of  light  is  from 
above  or  from  below,  descend. 

Tropotaxis  is  practically  synonymous  with  the  term  tropism  as 
used  by  Loeb ; this  has  been  discussed  at  length. 

Telotaxis  is  a term  which  is  likely  to  cause  much  controversy. 
Kiihn  uses  the  word  to  designate  cases  where  the  insect  acts  as  if  it 


See  V. 
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had  an  end  in  view.  The  cases  which  follow  are  chiefly  of  this  kind. 

Many  insects  orient  to  a pattern.  For  example  the  water  bug 
Gerris,  and  the  water  beetle  Dineutes  find  their  way  overland  to 
water  from  considerable  distances.  Gerris  returns  afoot,  but 
Dineutes,  if  more  than  a few  feet  from  water,  soon  takes  to  its  wings 
(179).  Apparently  the  latter  orient  to  the  light  reflected  from 
water  surfaces,  and  in  fact  voluntarily  take  long  journeys  overland 
from  one  body  of  water  to  another.  Since,  under  the  varying  con- 
ditions of  nature,  the  water  surfaces  must  vary  from  time  to  time  in 
general  appearance,  we  cannot  doubt  that  this  type  of  reaction  is 
very  complex.  We  can  not  dispose  of  it  by  calling  it  instinctive,  for 
this  explains  nothing. 

Orientation  to  odors  may  be  similarly  complex.  Warnke  ex- 
plains the  movements  of  Geotrupes  toward  dung  as  a combination 
of  telotaxis  and  tropotaxis  (177).  He  considers  the  antennae  the 
organs  chiefly  concerned.  Ants  use  odors  as  a means  of  orienta- 
tion, especially  for  near  objects. 

A different  kind  of  orientation  is  found  among  flying  insects 
that  return  to  the  same  spot.  This  includes  solitary  bees  and  wasps, 
as  well  as  honey  bees,  bumble  bees,  and  to  some  extent  social  wasps. 
The  literature  on  this  subject  is  so  extensive  that,  rather  than  review 
it  here,  I shall  refer  the  reader  to  the  works  of  Forel,  Lubbock,  Pla- 
teau, Bouvier,  Marchal,  Bohn,  Fabre,  and  the  Raus  and  the  Peck- 
hams. 

The  results  of  their  experiments  lead  to  the  conclusion  that  such 
insects  return  to  their  nests  through  visual  orientation.  The  insect 
remembers  the  surroundings  of  her  nest  and  recognizes  the  form  and 
disposition  of  objects  near  it.  If  the  objects  are  altered  or  removed 
the  insect  finds  it  difficult  or  impossible  to  locate  her  nest.  Further- 
more when  she  first  leaves  her  nest  (or  prey)  she  flies  in  irregular 
circles  over  the  spot. 

The  orientation  of  ants  is  similar  to  that  of  wasps  and  bees, 
excepting  that,  since  they  cannot  fly,  their  explorations  are  more 
thorough.  Since  many  ants  do  not  see  at  all,  while  most  others  see 
badly,  senses  other  than  vision  are  involved.  Beside  the  olfactory 
sense  and  great  sensitivity  to  variations  in  temperature,  ants  have 
a well-developed  kinaesthetic  sense,  i.e.,  a “memory”  of  muscular 
movements  made  in  taking  a certain  path.  This  is  what  Cornetz  has 
called  the  “sense  of  angles”  (34).  Lubbock  found  that  he  could 
not  easily  confuse  ants  by  changing  the  direction  of  the  path  over 
which  they  moved ; they  always  turned  in  a direction  opposite  the 
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movement  and  in  direct  proportion  to  the  angle  through  which  the 
table  was  turned  (104).  In  closing  this  discussion  on  ants  we  can 
do  no  better  than  turn  to  a quotation  from  Bouvier’s  “ Psychic  Life 
of  Insects,”  to  which  the  reader  is  referred  for  a more  thorough 
analysis  of  the  question : 

“To  sum  up,  ants  orient  themselves  essentially  like  flying  in- 
sects, by  the  visualized  aid  of  near  or  distant  bodies,  utilizing  their 
memory  of  places  and  the  recollection  of  impressions  which  they 
have  received  through  other  senses,  especially  that  of  smell.  There 
are  many  degrees  between  the  eyes  of  a wasp  or  a bee  and  those  of 
the  poorly  endowed  ants,  and  it  would  be  at  least  surprising  if  a 
mysterious  sense  of  orientation  had  come  to  the  latter  and  not  to  the 
former.  Incapable  of  leaving  the  ground,  and  provided  with  eyes 
having  less  numerous  facets,  the  workers  of  ants  have  a narrower 
horizon — that  is  all.” 

Prom  the  review  given  in  these  pages  it  may  be  readily  under- 
stood that  insect  orientation  is  a complex  process,  varying  greatly 
in  its  manner  of  functioning  from  species  to  species.  It  is  equally 
clear  that  in  all  cases  a group  of  coordinated  reflexes  is  involved. 
This  system  of  reflexes  increases  in  complexity  as  the  variety  of 
activities  of  the  insects  increase.  Thus  creatures  of  such  varied  ac- 
tivity as  bees  and  ants  exhibit  correspondingly  complex  methods  of 
finding  their  ways. 

Orientation  results  from  the  need  of  the  animal  for  food,  pro- 
tection, and  reproduction.  Unless,  like  certain  organisms  living  in 
the  sea,  the  animal  is  attached  to  the  soil  like  a plant,  it  must  move 
about  to  accomplish  the  business  of  living.  And  to  move  it  must 
have  a sense,  or  senses,  of  direction. 

X 

Modification  of  Behavior 

The  reader  will  notice  that  throughout  this  work  I have  care- 
fully avoided  the  word  “instinct.”  That  is  because  the  term  has 
been  so  variously  and  so  loosely  applied  that  one  is  never  certain  of 
its  meaning.  In  fact  it  is  the  reaction  against  this  word  that  has 
led  to  the  use  of  Such  barbarous  terms  as  “ chemotropism,  ” which 
unfortunately  explain  behavior  no  better  than  those  their  promul- 
gators accuse  of  being  “anthropomorphic.”  For  similar  reasons, 
let  us  abstain  from  using  “intelligence”  as  an  explanation  of  ani- 
mal activities.  Intelligence  may  imply  learning  in  various  degrees ; 
it  may  indicate  sudden  outbursts  of  unusual  behavior ; or  it  may 

262 


October,  1936  ENTOMOLOGICA  AMERICANA 


indicate  abstract  reasoning.  In  this  latter  sense  it  is  never  found 
in  any  animal,  excepting  possibty  the  higher  apes,  and  even  apes 
seem  unable  to  recognize  abstract  symbols.7 

The  real  question  is  not  one  of  terms,  but  whether  or  not  the 
activities  of  insects  are  fixed  and  unalterable.  Fabre,  refuses  to 
admit  that  the  behavior  of  these  little  animals  is  anything  but  auto- 
matic and  inherited,  yet  cites  some  observations  that  seem  to  indi- 
cate the  contrary  (49).  For  example,  he  found  that  in  captivity 
the  sacred  beetle  ( Ateuchus  sacer) , instead  of  rolling  its  ball  of 
dung  where  it  could  be  modelled  for  the  reception  of  the  egg,  buried 
the  provender  directly  beneath  the  spot  where  it  had  been  gathered. 
In  nature  the  insect  must  roll  its  ball  over  the  packed  earth  until  it 
finds  a spot  suitable  for  excavation;  in  Fabre ’s  cages  the  general 
softness  of  the  soil  made  this  unnecessary. 

Bees  learn  locations  quickly,  as  an  experiment  by  Forel  will 
demonstrate  (53).  The  Swiss  naturalist  placed  among  some  dahlias 
frequented  by  bees  a number  of  artifacts  containing  honey.  At 
first  the  visitors  paid  110  attention  to  these ; later  a few,  by  accident, 
discovered  the  honey  and  began  to  feed  from  the  artifacts.  By 
marking  these,  Forel  found  that  they  deserted  the  flowers  for  the 
artifacts.  Finalty  other  bees  discovered  the  sweets,  so  that,  to  quote 
the  author’s  words  “As  a pack  of  hounds  throws  itself  on  the  empty 
skeleton,  the  swarm  of  bees,  now  completely  diverted  from  the 
Dahlias,  cast  themselves  on  the  empty  artifacts”  (the  honey  had 
been  eaten)  “and  vainly  searched  every  corner  of  them  for  honey.” 

Bouvier  (23)  quotes  Huber  to  the  effect  that  bees  have  been  ob- 
served returning  to  a window  sill  for  food  after  a year’s  absence 
(24).  That  bees  have  a “time  sense”  (Zeitgedachtniss)  has  been 
demonstrated  by  Beling,  who  observed  that  they  returned  to  arti- 
ficial feeding  places  in  greatest  numbers  at  certain  periods  of  the 
day.  Since  this  behavior  was  not  affected  by  varied  weather  condi- 
tions, it  is  unlikely  that  it  can  be  interpreted  as  a reaction  to  heat, 
humidity,  or  light. 

No  doubt  much  behavior  may  be  attributed  to  rhythms  of  this 
kind.  Insects  are  known  to  have  periods  of  inactivity  (I  hesitate  to 

7 Verlaine  denies  this.  He  insists  that  his  experiments  on  mon- 
keys indicate  that  those  animals  can  be  taught  to  comprehend  such 
an  abstraction  as  “triangularity.”  This,  I believe,  is  a phase  of 
trial-and-error  learning;  it  does  not  prove  that  the  animal  can  use 
such  symbols.  We  say  “ X + Y = Z,  A + B = Z : therefore  A + B = 
X + Y.”  Not  even  an  ape  can  reason  in  this  way. 
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call  it  sleep  !)  during  which  they  seek  especially  protected  spots,  and 
in  many  cases  (butterflies  especially)  gather  in  groups.  Young 
reports  such  groups  of  the  beetle,  Altica  bimarginata,  gathering  on 
the  trunks  of  trees  during  the  day ; at  sundown  the  groups  became 
active  and  finally  dispersed  (187). 

Such  activities  are  probably  more  or  less  inherent  in  the  organ- 
ism ; their  appearance  awaits  only  certain  conditions.  Of  a similar 
nature  are  the  so-called  “vestigeal  instincts”  described  by  Wheeler 
(180).  He  found  that  slave-making  ants,  usually  dependent  upon 
their  servants  for  food,  feed  themselves  when  there  are  no  aids  pres- 
ent. Similarly  the  Polistes  wasps  of  temperate  regions  sometimes 
store  honey,  although  this  activity  is  ordinarily  a characteristic  of 
tropical  species.  Of  a somewhat  similar  nature,  perhaps,  is  the  con- 
ducting of  nest-mates  to  food  by  the  ant,  Monomorium  destructor, 
as  observed  by  Mayor  (114). 

Turner  observed  that  in  artificial  nests  Formica  fused  subsericea 
regularly  covered  cracks  in  the  wall  of  the  nest  with  various  sub- 
stances, although,  under  natural  conditions,  the  ants  never  find  it 
necessary  to  do  this  (165). 

That  ants,  like  bees,  make  use  of  memory  has  been  determined 
by  many  observations.  Fielde  separated  the  various  species  of  a 
mixed  colony  of  ants  (51).  She  found  that  after  seven  months  ants 
of  one  group  would  still  accept  larvae,  cocoons,  etc.,  from  the  other 
colonies,  but  attacked  the  adults. 

Schneirla,  who  has  made  many  experiments  running  ants 
through  mazes,  finds  that  these  insects  learn  the  path  from  food  to 
nest  much  more  readily  than  from  nest  to  food,  even  when  the 
pattern  of  the  pathways  is  identical  (154,  155).  He  believes  that 
this  is  explained  by  assuming  that  the  nest  exerts  the  stronger  influ- 
ence upon  the  ants.  He  finds  that  blocking  the  trail  from  food  to 
nest  interferes  with  learning,  but  says  this  is  not  a form  of  “associ- 
ative inhibition.”8  In  view  of  what  we  have  already  written  con- 
cerning the  methods  by  which  ants  orient  themselves,  it  is  significant 
that,  according  to  the  researches  of  Schneirla,  centrifugal  displace- 
ment has  a direct  bearing  on  learning  of  the  maze.  That  is,  an  ant 
which  in  turning  from  one  lane  into  another  swings  to  the  left,  is 
likely  to  repeat  this  left  turn  when  the  experiment  is  repeated;  if 
by  doing  this  the  animal  enters  a blind  alley,  it  is  likely  to  repeat 

8 Associative  inhibition  means  that  one  habit  prevents  or  makes 
difficult  the  formation  of  another,  because  the  conditions  which 
favor  one  tend  to  inhibit  the  other. 
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the  error ; this  peculiarity  may  lengthen  the  learning  period.  The 
experiments  of  Schneirla  illustrate  in  a beautiful  manner  the  fact 
that  insect  behavior  is  a complex  of  inherited  and  acquired  activities. 

Turner  succeeded  in  training  the  roach,  Periplaneta  orientalis, 
to  follow  an  open  maze  elevated  on  supports  (167) . Using  the  same 
species,  Szymanski  made  use  of  a box,  one  half  of  which  was  illumi- 
nated while  the  other  was  dark.  The  darkened  half  was  equipped 
with  grids,  by  means  of  which  insects  entering  that  portion  were 
given  an  electric  shock  (163).  By  this  means  Szymanski  was  able 
to  “train”  the  roaches  to  remain  in  the  light.  For  this  from  16  to 
118  trials  were  required.  After  a “rest”  of  from  one  to  nine  days 
the  roaches  “relearned”  in  from  7 to  18  trials.  Turner  successfully 
repeated  these  experiments,  using  in  addition  to  normal  specimens 
some  without  antennae.  He  found  that  the  latter  responded  very 
poorly  (166).  As  we  have  observed  before,  the  removal  of  antennae 
has  generally  an  adverse  effect  upon  insects,  and  this  is  not  simply 
the  effect  of  shock ; Creophilus  lives  nearly  as  long  without  antennae 
as  normal  specimens,  and  will  mate  and  lay  eggs. 

Several  years  ago  Sondheim  trained  the  larva  of  a dragonfly, 
Aeschna  grandis,  to  come  to  her  for  food  (161).  In  1925  I made  a 
series  of  similar  experiments,  using  as  subjects  the  larvae  of  Aeschna 
umbrosa  (1).  Five  of  the  specimens  learned  to  come  to  me  for  food 
in  from  7 to  16  trials,  one  trial  (feeding)  being  made  every  day  or 
every  other  day.  Of  even  more  significance  was  the  fact  that  these 
insects  learned  to  feed  in  the  light.  They  normally  avoid  intense 
illumination ; nevertheless,  after  being  forced  to  feed  in  the  light 
for  some  time  their  behavior  altered;  and  when  given  a choice  be- 
tween darkened  and  lighted  areas  they  sought  the  latter.  From  9 
to  13  trials  were  required  to  bring  this  about.  When  mistreated 
upon  entering  the  dark,  the  insects  modified  their  actions  even  more 
rapidly ; from  three  to  five  days  were  needed  to  bring  about  avoid- 
ance of  the  dark. 

Similarly  Wodsedalek  was  able  to  condition  Mayfly  larvae  ( Hep - 
tagenia  interpunctata)  to  seek  stones  against  illumination  from  a 
sixteen  candle-power  lamp  (185).  He  took  advantage  of  the  fact 
that  these  larvae  have  a strongly  thigmotactic  impulse ; that  is,  they 
tend  to  attach  themselves  to  solid  surfaces.  They  were  also  trained 
to  go  against  the  light  by  mistreatment  and  for  food. 

Recently  Verlaine  has  reacted  strongly  against  instinctive  be- 
havior, so-called.  He  maintains  that  “L ’Instinct  n’est  rien.”  His 
arguments  are  based  on  the  contention  that  all  reflexes  are  condi- 
tioned so  rapidly  that  they  appear  congenital.  We  have  already 
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found  that  Bethe  recognizes  the  fact  that  insects  modify  their 
activities  rapidly  under  certain  conditions,  but  interprets  this  as 
indicating  a lack  of  power  to  learn  (21).  Let  us  turn  to  some  of 
Verlaine’s  data. 

If,  says  Verlaine,  one  holds  a heated  object  behind  the  antennae 
of  a specimen  of  Vanessa  captured  in  the  field,  the  insect  will  move 
the  appendages  backward,  thus  injuring  them  (175).  In  fact  the 
butterfly  moves  the  antennae  backward  under  all  circumstances  in 
which  these  organs  are  stimulated.  But  a specimen  just  emerged 
from  the  chrysalis  behaves  quite  differently ; it  moves  the  antennae 
away  from  the  heat  stimulus,  no  matter  from  what  direction  they 
are  approached.  Then  why  do  the  more  “normal”  specimens  react 
consistently  in  one  way,  regardless  of  the  result?  Because,  Verlaine 
thinks,  under  normal  field  conditions  destructive  forces  approach 
the  insect  almost  invariably  from  the  front.  The  insect  is  thus  con- 
ditioned very  early  in  its  history  to  react  in  a given  manner.  The 
real  objection  to  this  experiment  is  not  its  validity,  which  we  do  not 
question,  but  whether  such  conditioning  is  common  among  insects. 

Some  other  cases  given  by  Verlaine  are  less  controversial  and 
more  in  line  with  the  experience  of  other  students  (173).  Bombus, 
Verlaine  states,  can  take  up  the  building  of  comb  cells  at  any  point 
at  which  the  work  is  interrupted,  a possibility  Fabre  would  never 
admit.  He  finds  also  that  the  social  wasps  exhibit  no  fixed  “special- 
ization of  labor,  ’ ’ but  vary  their  activities  as  work  on  the  nest  pro- 
gresses. But  the  most  interesting  results  were  obtained  by  exchang- 
ing the  young  of  two  species  of  social  wasps.  Vespa  germanica  was 
placed  in  the  nest  of  Vespa  vulgaris,  and  vice  versa.  Under  these 
conditions  the  former  which  usually  makes  gray  paper,  made  yellow 
paper  like  her  nestmates,  V.  vulgaris.  Similarly  V.  vidgaris,  trans- 
ferred to  nests  of  V.  germanica,  made  gray  paper  (174).  This  may 
not  have  been  learning  but  simply  the  effect  of  ‘ ‘ mob  psychology.  ’ ’ 
The  following  paragraph  will  make  this  clear. 

When,  says  Hirschler,  the  non-moulting  larvae  of  Phalera  hu- 
cephala  wander  into  a large  group  of  moulting  specimens  of  the 
same  species,  the  former  cease  feeding  and  remain  motionless  during 
the  period  that  its  companions  are  moulting  (82).  Conversely,  the 
larva  of  a sawfly  ( Cimbex  lutea)  refuses  to  pupate  in  the  company 
of  others  of  its  kind,  and  if  left  too  long  in  such  surroundings  may 
perish.  The  insect  requires  solitude  to  complete  this  change.  Ob- 
servations of  this  kind  should  make  us  very  cautious  about  inter- 
preting as  intelligent  the  actions  of  insects  in  groups.  Group  action 
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is  often  unfavorable  to  intelligent  behavior  even  among  men,  as  one 
may  conclude  from  watching  a labor  strike  or  a political  rally. 

And  yet,  in  spite  of  this,  social  contact  seems  to  stimulate  modi- 
fication of  behavior.  Social  insects  often  demonstrate  greater 
powers  for  modification  and  variation  than  do  solitary  species. 
This  is  doubtless  due  to  the  complex  relationships  between  indi- 
viduals living  in  colonies,  which  thus  make  almost  imperative  a 
greater  plasticity  of  behavior  than  one  might  otherwise  find.9  Ter- 
mites may  be  an  exception  to  this  generalization. 

XI 

Some  Philosophical  Considerations 

So  far  we  have  given  little  attention  to  the  implications  that 
might  be  drawn  from  a study  of  insect  senses  and  the  behavior  they 
invoke.  Such  implications  are  naturally  subjective,  so  that  the  con- 
clusions drawn  may  be  as  wide  as  the  circle  of  readers.  There  are, 
however,  certain  points  of  interest  that  should  be  emphasized. 

First  is  the  incontrovertible  fact  that  the  behavior  of  a given 
insect  depends  primarily  upon  the  nature  of  its  senses.  Thus  one 
would  not  expect  one  with  poor  eyesight  and  a well-developed  sense 
of  smell  to  give  very  complex  reactions  to  the  visual  impressions  of 
its  surroundings.  Before  we  apply  to  behavior  glib  phrases  about 
instinct,  intelligence,  tropisms,  etc.,  it  would  be  well  to  know 
thoroughly  the  action  of  the  senses  upon  which  these  depend.  It  is 
well  to  keep  in  mind  the  underlying  functions  of  the  nervous  sys- 
tem and  sense  organ  before  exploring  unfamiliar  territory.  The 
author  feels  this  keenly,  for  it  was  only  by  discovering  how  contro- 
versial were  the  broader  questions  of  behavior  that  he  determined 
to  become  familiar  with  the  physiology  of  the  senses.  In  the  past 
students  put  the  cart  before  the  horse,  and  now  that  the  horse  has 
been  cured  of  sickness  the  cart  has  need  of  repairs. 

In  the  second  place  we  find  that  both  the  senses  and  the  atten- 
dant activities  of  insects  vary  enormously  between  forms.  Com- 
pare the  extremely  clear  vision  of  the  dragonfly,  with  its  attendant 
subordination  of  other  senses,  with  the  keen  olfactory  sense  and 

9 That  density  of  population  tends  to  increase  complexity  of  be- 
havior in  the  human  species  is  generally  recognized  by  sociologists. 
Let  the  interested  reader  refer  to  Chap.  V,  The  Ecology  of  the  City, 
in  Gist  and  Halbert’s  Urban  Sociology.  As  related  to  both  men  and 
insects,  one  can  do  no  better  than  read  Wheeler’s  book,  Social  Life 
Among  the  Insects. 
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poor  vision  of  the  dung  beetles.  The  two  are  worlds  apart ; more  so 
than  are  a man  and  a horse.  Obviously  one  cannot  comprehend  the 
behavior  of  one  of  these  insects  from  a study  of  the  other : one  must 
study  groups  of  insects,  in  some  cases  species,  in  order  to  correctly 
interpret  behavior. 

Notwithstanding,  there  are  certain  fundamental  laws  that  regu- 
late all  insect  activities,  just  as  there  are  more  general  laws  which 
apply  to  the  behavior  of  all  animals.  This  is  just  what  we  might 
expect.  The  unit  of  the  nervous  system  in  the  fly  that  bites  the 
horse  is  similar  to  that  in  the  nervous  system  of  the  horse  itself ; no 
matter  how  different  the  two  animals  may  be  in  other  ways.  And 
just  as  the  organs  of  these  two  animals  have  much  in  common,  so 
also  does  their  behavior.  In  both  they  are  built  up  of  reflexes,  the 
exact  type  of  which  depends  upon  the  needs  of  its  owner.  Restrict- 
ing ourselves  to  insects : there  are  many  devices  to  bring  the  sexes 
together,  yet  the  mating  habits  of  all  insects  are  essentially  similar. 
Thus  the  Silphidae  mate  mostly  through  accidental  contact,  the 
grasshoppers  through  calls  heard  by  the  opposite  sex,  and  fireflies 
through  visual  response  to  flashes:  yet  the  end  result  is  the  same  in 
all  cases.  Or  again,  mosquitoes  feed  in  response  to  heat  radiation, 
while  stable  flies  respond  to  body  odors : yet  the  feeding  reflexes  of 
the  two  insects  are  very  similar. 

Consider  the  complexity  of  behavior  that  exists  in  the  nests  of 
ants.  There  are  multitudes  of  reflex  combinations  associated  with 
feeding,  tending  the  young,  ridding  the  nest  of  trash,  etc.  And 
these  activities  are  similar  in  all  ant  colonies  despite  wide  diver- 
gences in  the  sense  organs  of  the  different  species.  Thus  the  carpen- 
ter ant  ( Camponotus ) which  is  almost  blind,  and  the  red  mound- 
building ant  ( Formica ) with  fair  vision;  both  attack  and  destroy 
insects  which  invade  their  nests.  The  carpenter  ant,  unable  to  see 
the  enemy,  will  bite  at  the  path  he  has  made;  the  mound-builders 
do  not  make  this  mistake.  Yet  both  end  by  killing  or  driving  out 
the  invader. 

Termites,  ants,  bees,  and  wasps,  living  in  colonies,  all  have  cer- 
tain similarities  of  behavior,  although  they  are  quite  different  in  the 
extent  and  distribution  of  their  senses. 

In  short,  although  insects  differ  greatly  in  structure  and  be- 
havior, all  have  developed  means  of  defense,  feeding,  and  reproduc- 
tion. It  is  as  if,  to  speak  teleologically,  nature  has  a plan.  How- 
ever much  we  attribute  the  behavior  of  an  individual  insect,  or  even 
a colonjq  to  unconscious  and  automatic  activities,  the  fact  remains 
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that  there  is  a fundamental  pattern  of  insect  behavior.  Without 
implying  that  the  individual  insect  has  a conscious  aim,  we  may 
still  admit  that  insects  as  a whole  behave  as  if  they  were  made  to 
fulfill  a purpose. 

That  purpose  is  not  always  well  defined.  Though  some  activities 
are  of  direct  survival  value  to  the  animal,  others  appear  to  be  use- 
less, if  not  actually  dangerous  encumbrances.  Nature,  in  other 
words,  is  an  experimenter;  instead  of  a fixed  and  immutable  pat- 
tern, the  design  is  varied.  You  cannot  impute  to  this  lack  of  pur- 
pose, unless  you  want  to  admit  that  the  most  intelligent  of  men  are 
without  purpose,  for  it  is  just  such  men  who  do  the  most  experi- 
menting. Of  course  there  are  those  who  maintain  just  this.  They 
call  themselves  ‘ ‘ determinists,  ” and  insist  that  every  event  in  the 
universe  has  been  fixed  beforehand  by  the  nature  of  things.  But  if 
we  admit  this  we  must  postulate  that  time  is  unreal  and  the  uni- 
verse static,  a considerable  philosophical  difficulty.10 

Yet  to  reject  determinism  does  not  mean  that  we  have  to  aban- 
don the  idea  that  the  activities  of  insects  constitute  a pattern.  In 
fact  the  whole  universe  seems  to  constitute  a pattern,  for  everything 
in  it  is  related  to  everything  else.11  And  when  anything  constitutes 
a pattern  there  is  likely  also  to  be  present  a purpose.  And  so, 
while  we  may  not  admit  with  Tennyson  that  there  is 

‘ ‘ One  far-off  divine  event 
To  which  the  whole  creation  moves,” 

we  may  still  be  justified  in  hanging  over  our  laboratory  door  the 
following  humble  conclusion : ‘ ‘ Science  explains  nothing ; it  simply 
describes  occurrences.  ’ ’ 

APPENDICES 
Appendix  A 

A Detailed  Account  of  the  Behavior  of  Caterpillars 
Toward  Sound 

The  first  definite  work  on  the  problem  was  done  by  Minnich  on 
Vanessa  antiopa.  “The  reaction  of  such  animals  to  loud,  quick 
sounds”  he  writes  “consists  primarily  in  a quick,  powerful  contrac- 
tion of  certain  muscles  in  the  region  just  anterior  to  the  sixth  seg- 

10  See  S.  Alexander’s  Space , Time  and  Deity. 

11  This  is  what  A.  N.  Whitehead  calls  the  “theory  of  concretion.” 
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ment,  which  bears  the  first  pair  of  prolegs.  The  result  is  that  the 
head  and  thorax  are  elevated,  leaving  the  remainder  of  the  body 
attached  to  the  material  on  which  the  insect  crawls.  ’ ’ 

When  the  sound  was  two  meters  (about  six  feet)  away  the  in- 
sects responded  19  per  cent  of  the  time ; when  this  distance  was  de- 
creased to  0.5  meters  (about  eighteen  inches)  the  animals  responded 
practically  100  per  cent.  Most  of  the  testing  was  done  with  tuning 
forks  reduced  to  uniform  tension,  so  that  initial  intensity  (loud- 
ness) of  the  sound  was  in  all  cases  the  same.  Although  the  animals 
responded  to  several  definite  notes,  the  best  results  were  obtained 
Ca  and  G having  vibration  rates  of  512  and  768  per  second  respec- 
tively. To  the  former  the  insects  reacted  96  per  cent ; to  the  latter 
33  per  cent.  Since  even  headless  specimens  gave  this  response, 
Minnich  was  moved  to  try  dividing  the  body  into  three  sections  of 
four  segments  each.  Of  these,  the  middle  section  responded  almost 
invariably;  some  specimens  even  after  twenty-four  hours.  The 
other  sections  did  not  give  as  definite  nor  as  consistent  reactions. 

Minnich  also  discovered  that  the  larvae  became  more  responsive 
as  they  reached  full  growth.  This  he  explained  by  the  increase  in 
the  number  of  body  hairs.  That  these  hairs  are  directly  concerned 
with  the  response  was  proved  by  the  fact  that  when  the  hairs  were 
removed,  or  loaded  with  drops  of  water  or  flour,  the  insect  did  not 
elevate  the  body  in  response  to  sounds. 

My  own  work  on  Bat  ana  ministra  and  B.  perspicua  corroborates 
that  of  Minnich.  These  are  the  caterpillars  of  moths,  and  feed  on 
sumac  and  hawthorne  respectively.  When  disturbed  they  have  the 
peculiar  habit  of  elevating  the  head  and  the  tip  of  the  abdomen, 
remaining  attached  to  the  twigs  by  the  middle  legs.  The  cater- 
pillars responded  practically  100  per  cent  to  the  two  notes  given  in 
the  text.  The  caterpillars  are  sparsely  covered  with  long  hairs. 
When  these  were  sprayed  with  water  or  thin  shellac,  so  that  they 
were  covered  with  small  drops  of  liquid,  the  caterpillars  ceased  to 
respond.  Wetting  the  surface  of  the  body  with  procaine  solution 
had  a similar  effect. 

Minnich  found  that  to  vibrations  of  256,  512,  and  1024  vibra- 
tions respectively  the  following  caterpillars  gave  some  response : 
Papilio  polyxenes,  P.  turnus,  Colias  philodice,  Banais  ( Anosia ) 
plexippus,  Vanessa  atalanta,  V.  cardui,  Basilar chia  arthemis,  Samia 
cecropia,  Actias  luna,  Telea  polyphemus,  Automeris  io,  Euchaetias 
egle,  and  Mamestra  picta.  Several  of  these  caterpillars  are  hairless. 
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Appendix  B 

The  Structure  of  Sense  Organs  Assumed  to  be  Olfactory 

If  we  except  the  eyes,  chordotonal  organs,  and  certain  special- 
ized organs,  the  sensory  structures  of  insects  may  be  said  to  have 
one  general  plan  of  organization.  All  are  hollow,  hairlike  exten- 
sions of  the  body  wall,  communicating  with  one  or  more  sense  cells. 
The  classification  of  these  organs  is  based  upon  the  forms  of  these 
‘ ‘ hairs.  ’ ’ Accordingly  we  have  the  following : 

1.  Sensilla  trichodea  (Hair  organs) — Typical  hairs,  each  con- 
taining or  connected  with  a sense  cell. 

2.  Sensilla  chaetica  (Spine  organs) — Similar  to  the  above,  but 
shorter  and  thicker. 

3.  Sensilla  squamiforma  (Sense  scales) — Surface  scales  con- 
nected with  sense  cells. 

4.  Sensilla  basiconica  (Peg  organs) — These  are  simply  shorter 
and  wider  than  Sensilla  chaetica. 

5.  Sensilla  coeloconica  (Sunken  pegs) — As  the  name  implies, 
these  are  sense  pegs  sunk  in  pits,  much  as  the  end  of  a finger  on  a 
rubber  glove  may  be  pulled  into  itself. 

6.  Campaniform  organs  (Sense  domes) — Sense  domes  are  simply 
modified  hairs  that  are  so  short  that  they  resemble  rounded  domes 
or  knobs.  Like  other  sense  organs,  each  communicates  with  an 
underlying  sense  cell.  They  differ  from  the  other  organs  described 
in  that  the  sense  cell  is  attached  to  the  dome  by  a microscopic  rod  of 
horny  material.  For  this  reason  they  have  been  suspected  of  regis- 
tering vibrations  or  external  pressure.  Mclndoo  believes  that  they 
are  organs  of  smell,  insisting  that  each  dome  is  perforated,  and  that 
the  sense  cell  is  in  direct  contact  with  the  outer  air.  But  Newton 
denies  this,  claiming  that  what  Mclndoo  has  taken  for  the  end  of  a 
sense  cell  is  actually  a transparent  rod. 

7.  Sensilla  placodea  (Pore  plates) — The  pore  plates  occur  on 
the  antennae  and  palpi  of  various  insects.  They  are  especially 
numerous  on  the  antennae  of  the  honey  bee.  Externally  each  con- 
sists of  a thin,  circular  or  oval  plate ; internally  this  is  usually 
grooved  at  the  margin,  the  groove  communicating  with  the  fused 
ends  of  a large  group  of  sense  cells.  In  this  last  respect  the  pore 
plates  differ  entirely  from  the  other  sense  organs  described. 

All  of  these  organs  are  microscopic,  and  the  study  of  their  struc- 
ture difficult.  All  have  been  considered,  at  various  times  and  by 
various  students,  to  be  organs  for  the  perception  of  odor.  This  is 
difficult  to  prove  in  any  given  case,  because  these  organs  are  not 
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gathered  into  definite  regions  of  the  body,  but  are  scattered  about 
and  generously  mixed.  The  fact  that  the  pore  plates  occur  in  great 
numbers  on  the  antennae  of  bees,  together  with  the  fact  that  the 
antennae  of  bees  are  known  to  function  as  olfactory  organs,  might 
be  taken  as  indicating  that  this  is  generally  the  case.  However, 
Mclndoo  insists  that  covering  the  sense  domes  (with  shellac,  for 
instance)  interferes  with  olfaction  by  insects! 

It  seems  likely  that  the  sense  of  smell  of  insects  is  a composite 
one,  perceived  not  by  one  type  of  organ;  but  that  various  organs 
perceive  various  kinds  of  chemical  emanations.  It  would  therefore 
be  more  correct  to  speak  of  the  olfactory  senses  of  insects. 

Appendix  C 

A Summary  of  the  Olfactory  Responses  of  the  N ecrophori 

This  is  an  abstract  of  a paper  treating  the  behavior  of  caged 
specimens  of  Necrophorus  orbicollis  and  N.  americanus.  Meat  or 
cloths  soaked  with  skatol  were  buried  in  sand.  Treated  specimens 
that  dug  up  these  materials  were  assumed  to  have  found  them 
through  olfaction. 

A total  of  thirty-one  specimens  were  used  in  the  experiment.  If 
we  include  the  specimens  returning  to  skatol,  seventeen  positive 
responses  were  obtained.  This  is  about  54%  of  the  number  used. 
If  only  those  responding  to  meat  are  counted,  twelve  positive  reac- 
tions were  obtained,  or  38%  (approximately).  Among  these  must 
be  included  two  specimens  with  those  areas  covered  indicated  by 
Mclndoo  as  olfactory. 

This  supports  the  sugestion  made  in  Appendix  B,  that  the  olfac- 
tory sense  of  insects  is  not  confined  to  any  one  part  of  the  body. 
Similar  results  with  Creophilus  villosus  support  these  findings. 

Appendix  D 

Quoted  Observations  on  the  Visual  Orientation  of  Insects 

‘ ‘ Aporus  fasciatus  entirely  lost  her  way  when  we  broke  off  a leaf 
that  cohered  her  nest,  but  found  it,  without  trouble,  when  the  miss- 
ing object  was  replaced.  All  of  the  species  of  Cerceris  were  ex- 
tremely annoyed  if  we  placed  any  new  object  near  their  nesting 
places.  Our  Ammophila  refused  to  make  use  of  her  burrow  after 
we  had  drawn  some  deep  lines  in  the  dust  before  it.  ” . . . ‘‘Her’’ 
( Astata  bicolor)  “ first  survey,  just  after  the  nest  is  completed,  is 
most  thorough,  and,  as  a usual  thing,  when  she  first  comes  out  each 
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succeeding  morning,  she  reviews  the  situation  more  or  less  care- 
fully. ’ 7 — George  and  Elizabeth  Peckham. 

“They”  (the  Peckhams)  “came  to  the  same  conclusion  as  I had 
done,  that  wasps  have  no  sense  of  direction,  that  is  to  say  in  the 
form  of  a mysterious  additional  sense,  but  that,  if  they  do  not  know 
where  they  are,  they  rise  higher  and  higher  into  the  air,  circling  as 
they  do  so,  until  they  discover  some  treetop  or  other  object  that  had 
served  them  as  a landmark,  and  in  this  way  they  are  able  to  make 
their  way  home.” — Sir  John  Lubbock  (Lord  Avebury). 

‘ ‘ A bumblebee ’s  nest  which  I had  put  on  a window  ledge,  showed 
me  what  trouble  the  bumblebees  which  returned  from  their  excur- 
sion had  in  distinguishing  this  window  from  other  windows  in  the 
facade.  The  first  few  times  especially,  they  flew  a long  time  around 
the  other  windows  before  finding  the  right  one.” — Auguste  Forel. 

1 1 One  morning  ...  I covered  under  a uniform  coat  of  sand,  for  a 
space  of  six  or  seven  square  decimeters,  the  poor  blackish  vegetation 
which  surrounded  the  nest,  and  replaced  the  stone”  (at  a point  dif- 
ferent from  that  which  it  had  occupied).  . . . “Some  minutes  after 
this  operation  I saw  a burrow,  which  I had  not  noticed,  open,  and 
out  came  a Beml) ex,  which  closed  it  and  immediately  made  some 
reconnaissance  flights  and  went  away  toward  the  fields.  ...  It 
returned  two  minutes  afterward  without  any  prey,  but,  not  having 
exactly  taken  its  bearings  on  departure,  it  wandered  in  all  direc- 
tions for  a quarter  of  an  hour.  . . .” — E.  L.  Bouvier. 

“The  insect  comes  always  to  the  last  spot,  without  bothering 
about  the  others.  I marvel  at  the  memory  of  this  myrmidon.  It 
was  enough  for  her  to  have  seen  once,  in  haste,  a spot  which  did  not 
differ  in  any  respect  from  a number  of  others,  to  recall  it  very  well 
in  spite  of  her  preoccupation  as  a miner  excited  by  her  underground 
work.” — J.  H.  Fabre. 

The  apparent  contradiction  in  some  of  the  above  quotations  is 
more  or  less  insignificant  when  we  consider  the  various  conditions 
under  which  bees  and  wasps  work,  the  variety  of  species  observed, 
and  the  difference  in  the  outlook  of  the  observers.  I11  fact  the  sur- 
prising fact  is  that  these  observations  agree  as  well  as  they  do. 
This  fact  alone  should  make  them  very  hard  to  contradict.  $ 
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Cercyonis,  256 
Chionea,  238 
Chrysops,  251 
Cimbex  lutea,  266 
Coccinella,  250 
Cochliomyia  macellaria,  256 
Colias  philodice,  268 
Corethra  plumicornis,  260 
f Coriarachne  versicolor,  104, 125 
et  seqq. 

Corixa,  241 
^Couridia,  194 

Cremastogaster  lineolata,  237 
Creophilus,  252,  253,  265 
villosus,  254,  273 
Cynomyia  cadaverina,  252 
Cyrtopogon,  1 et  seqq. 
ablantoides,  4,  10,  21,  67 
albifrons,  3,  11,  24,  83 
albitarsus,  2,  14,  30,  47 
albovarians,  9,  18,  30,  47 
aldrichi,  5,  9,  18,  51 
alleni,  10,  19,  22,  56 
anomalus,  3,  4,  10,  21,  58,  65 
auratus,  3,  4,  8,  14,  30 
aurifex,  5,  8,  14,  29 
auripilosus,  3,  8,  14,  30 
banksi,  4,  11,  24,  78,  81 
basingeri,  5,  9,  17,  49 
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beamed,  11,  24,  84 

bigelowi,  8,  12,  34 
bimacula,  3,  5,  9,  17,  43,  44 
caesius,  10,  21,  66 
callipedilus,  5,  9,  16,  39,  42 
nigdtarsus,  39 
cerussatus,  7 
chrysopogon,  55 
cretaceous,  2,  13,  26 
curtipennis,  10,  23,  74 
curtistylus,  9,  15,  38 
cymbalista,  9,  16,  40 
dasyllis,  5,  9,  15,  35,  36 
dasylloides,  4,  5,  9,  13,  15,  35, 
36,  44 

dubius,  3,  5,  9, 17,  19,  54,  55 
evidens,  10,  20,  63,  65 
falto,  9,  20,  55 
flavimanus,  3,  5 
flavimanus,  42 
fumipennis,  10,  22,  71 
glarealis,  4,  5,  9,  13,  15,  35,  36, 
44 

idahoensis,  4,  11,  23,  82 

infuscatus,  10,  22,  70 
inversus,  5,  9,  18,  50,  54 
jemezi,  5,  9,  17,  47 
lapliriformis,  10,  19,  57 
lateralis,  3,  4 
leptotarsus,  3, 10,  11,  59 
leucozona,  9,  17,  46,  47 
lineotarsus,  5, 10, 12,  59,  60,  61 
longimanus,  8,  13,  18,  25,  26, 
29,  50 

lutatius,  3, 10,  22,  69 
lyratus,  10,  20,  59 
maculipennis,  3,  5,  9,  17,  25, 
42,  44 

maculosus,  1 

marginalis,  8,  13,  18,  25,  29 
melanopleurus , 44 


montanus,  4,  5,  9,  17,  45,  47 
latericaudus,  45 
nebulo,  1 

nitidus,  10, 12,  21,  67 
nugator,  10,  20,  23,  64,  78,  81 
perspicax,  5,  8,  13,  29 
planitarsus,  10,  11,  61 
platycauda,  8,  12,  35 
plausor,  9,  16,  40 
positivus,  2,  23,  73 
praepes,  3,  9,  16,  41 
predator,  10,  11,  60,  61 
princeps,  5,  8,  13,  26 
punctipennis,  1 
profusus,  10,  20,  55,  63 
pulcher,  5,  9,  14,  32,  34 
rainieri,  10,  23,  77 
rattus,  10,  21,  65,  66 
rejectus,  3, 10,  23,  24,  69,  73 
ruficornis,  3,  6 
rufotarsus,  5,  9,  19,  55 
sansoni,  11,  24,  78 
semitarius,  9,  15,  36,  38 
californicus,  37 
stenofrons,  9,  18,  52 
sudator,  10,  23,  73,  75 
sweezeyi,  10,  20,  64 
tacomae,  2,  19,  54 
tenuis,  10,  20,  59 
thompsoni,  10,  21,  66,  67 
tibialis,  10,  22,  69 
vanduzeei,  10,  23,  76,  78 
vandykei,  5,  8,  13,  27 
varans,  8,  12,  34 
varipennis,  1 
vulneratus,  3,  5,  8,  12,  34 
willistoni,  3,  9,  16,  41,  42 

Dacus  diversus,  254 
ferrugineus,  254 
zonatus,  254 
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Danais  (Anosia)  plexippus,  268 
Danaus,  256 
Dasypogon  falto,  55 
flavimanus,  42 
litura,  42 

Datana  ministra,  236,  240,  269 
perspicua,  240,  268 
Decatoma,  171  et  seqq. 
flava,  204 

Decatomidea,  171  et  seqq. 
Dineutes,  260 
Dioctria,  67 

Dissosteira  Carolina,  238 
fDolomedes  fimbriatus,  100,  116, 
145 

f plantarius,  100,  116,  145,  149 
t scriptus,  104,  116  et  seqq. 
Drosophila,  104,  248,  250,  251, 
254,  259 

fDugesiella  hentzi,  99 
fDysdera  crocata,  99 
f erythrina  var.  provincialis, 
99 

Endrossa  aurita,  241 
Erax  rufibarbis,  259 
fEresus,  145 
Eristalis  tenax,  244,  245 
Euarmostus,  6 
Euchaetias  egle,  268 
Eucyrtopogon,  1,  7 
maculosus,  1 
nebulo,  1 
punctipennis,  1 
yaripennis,  1 
Eupalamus,  6 

Enproctis  chrysorrhoea,  260 
Eurytoma,  171  et  seqq. 
gigantea,  195 
sepulta,  185 

fEurypelma  calif ornica,  101 
Eurytomocharis,  171  et  seqq. 


fEvarcha  blancardi,  101 
Evoxysoma,  171  et  seqq. 

•Ficus,  194 
Formica,  268 

dakotensis  specnlaris,  250 
fusca  snbsericea,  264 
rufa,  237 

fGeolycosa  arenicola,  103,  127 
et  seqq. 

Geotrupes,  255,  257,  260 
Gerris,  239,  242,  245,  246 
Gryllus  campestris,  241 
Gyrinus,  239,  242,  245,  246 

Habrobracon,  251 
juglandis,  254 
Harmolita,  170  et  seqq. 
graminicola,  185 
inquilinum,  192 
fHeliophanus  cnprens,  102 
f flavipes,  101,  148 
Heodes,  256 

Heptagenia  interpunctata,  265 
Hoplocrambis  spinicornis,  254 
Hydrophilus,  242 

Ips,  254 
Isosoma,  170 
Isosoma,  170 
Lasiopogon,  8 
Lasius,  250 

Laspeyresia  molesta,  250 
Leptinotarsa  decemlineata,  254 
Lucilia  sericata,  254 
fLycosa  amentata,  99 
f avara,  103 
t carolinensis,  103 
t gulosa,  103,  114  et  seqq. 
f helluo,  103,  113,  et  seqq. 
f lugnbris,  98 
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f ocreata,  105 
t pikei,  127 

f rabida,  103,  112,  115  et  seqq. 

Macrorileya,  171  et  seqq. 
Mamestra  picta,  268 
Megarhyssa,  231 
lunator,  251 

Melanoplus  differentials,  238 
femur-rubrum,  238 
Metapogon,  2 
gibber,  2 

Microbembex,  251 
Monomorium  destructor,  264 
Musca  domestica,  237,  254 
Myelois  cribrella,  235 

Nannocyrtopogon,  1,  7 
cerussatus,  2 ,7 
nigricolor,  2 
Necropborus,  252 
americanus,  272,  273 
orbicollis,  255,  272,  273 
Neorileya,  205 
Notonecta,  240,  246 

fOcyale,  116 
Oecanthus  sp.,  194,  239 
fOxyopes  lieterophthalmus,  102 
f ramosus,  101 

Papilio,  256 
polyxenes,  268 
turnus,  268 
Pararileya,  205 
fPardosa  banksi,  103,  110 
t emertoni,  103,  106  et  seqq. 
f lapidicina,  103,  111,  118 
f milvina,  103,  105,  107,  110 
et  seqq. 

f modica  brunnea,  103,  106, 
107  et  seqq. 


f saxatilis,  103,  107,  109,  118 
et  seqq. 

Pediculus  humanus,  237 
Periplaneta,  246 
americana,  250,  251 
orientalis,  264 
Phalera  bucepbala,  266 
fPhidippus  audax,  103,  120  et 
seqq. 

f brunneus,  103 
f clarus,  103,  118,  120  et  seqq. 
f mordax,  120 
f purpuratus,  103,  121,  152 
Pliilaeus  chrysops,  99,  106,  149 
Philanthus  triangulatum,  251 
fPhilodromus  aureolus,  123 
f dispar,  123 
f fallax,  123 
f pernix,  104,  123  et  seqq. 
Phormia  regina,  252 
Photinus  pyralis,  245 
Phthyrius  pubis,  237 
Phyciodes,  256 
Phylloxera  vastatrix,  238 
Pieris,  256 
brassicae,  240 
rapae,  252,  256 
fPissaura  listeri,  116 
t mirabilis,  100,  116 
Plea,  241 
Polistes,  256,  264 
Popillia  japonica,  253,  259 
Procanthus,  259 
Prodecatoma,  171  et  seqq. 
parodii,  178 
philodendri,  178,  203 
phytophaga,  178 
Pterandrus  rosa,  254 
Pyrameis  atalanta,  256 
Pyrausta  nubilalis,  235 

Ranatra,  246,  259 
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Reticulitermes,  251 
Rhodnius  prolixus,  238,  251 
Rileya,  171  et  seqq. 
heterogaster,  179,  180 
pulchra,  179,  180 

fSalticus,  101 
Sarnia  cecropia,  268 
fSchizocosa  bilineata,  105 
t crassipes,  103,  113,  117  et 
seqq. 

f saltatrix,  103 
#Shorea  robnsta,  254 
fStasimopus  sp.,  99 
Stegomyia  scutellaris,  237 
Stomoxys  calcitrans,  254 

*Tanacetum  vulgar e,  254 
fTarentula  barbipes,  100 
f pulverulent  a,  100 
Telea  polyphemus,  268 
Tenebrio,  246 
molitor,  250,  251 
Thamnotrizon  apterus,  241 


fTibeiius  maritimus,  122,  123 
f oblongus,  104,  122,  131  et 
seqq. 

fTrochosa  ruricola,  100 
t singoriensis,  98,  102,  148 
Trogoderma  tarsalis,  234 

Vanessa,  245,  246,  256,  260,  266 
antiopa,  239,  244 
atalanta,  268 
cardui,  268 
Vespa  germanica,  266 
vulgaris,  266 

fXysticus  sp.,  104,  138 
f cristatus,  122,  124 
t ferox,  100,  124,  125 
f krakatauensis,  124 
t lanio,  124 
t pini,  124 

f stomachosus,  100,  125 
t striatipes,  125 
f triguttatus,  104,  123,  125  et 
seqq. 

f tristrami,  125 


Number  of  New  Genera  in  this  Index,  0 

Number  of  New  Species  and  other  Forms  in  this  Index,  18 
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